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Beef cattle production in the southeastern United States differs in size, practice, 
and production type from other U.S. regions. Smaller, cow-calf type operations dominate 
in this region because the climate, forage availability, and other land use practices of 
farmers make this type of cattle operation more ideal for the Southeast.  
This research summarizes the current practices and characteristics that define the 
Southeastern cow-calf operation of today’s market and operating environment; it also 
examines the factors that influence the variability of beef production in these operations.  
Results indicate the following major points: 1.) 53.0% of respondents with commercial 
cows have fewer than 50 head. 2.) Weaning weight and its variability tend to increase as 
calves get older. 3.) Calves on seedstock operations wean heavier than those typical of 
cow-calf operations.  4.) Operators that are more financially invested in their operation 
seem to be more attentive to outcomes of their production process. 
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Beef cattle production in the southeastern United States differs in size, practice, 
and production type from other U.S. regions. These differences are explained in part by 
climate, primary land use for crops, and forage availability.  Operator demographics 
show similarities to other regions but key operation statistics, such as herd size and 
makeup, importance of cattle income to total household income, management practices, 
and calf weaning weights, distinguish the Southeast.   
Cattle production in the southeastern U.S. is typically a cow-calf operation where 
70.0% of all calves produced in the region are sold at weaning (McBride and Mathews, 
2011). Cow-calf operations dominate in the Southeast because the climate and forage 
availability make this type of beef cattle operation more ideal.  Additionally, when 
compared to regions of the United States where beef cattle operations are larger and more 
diverse (for example, the Great Plains), agricultural land in the southeast is largely 
comprised of dense forest or row crop production (Ball, Hoveland and Lacefield, 1996).  
Therefore, the availability of pasture land in the Southeast for cattle production has 
typically been small areas of less productive land that lend well to grasses for grazing and 
hay. These aspects led McBride and Mathews (2011) to classify cow-calf producers as 
“residual user(s)” of land (p. iii), limiting or fragmenting cattle operations into smaller 






The result of this limited acreage is that most operations in the Southeast are 
small, often requiring income from off-farm sources.  For instance, the National Animal 
Health Monitoring System (NAHMS) study, Beef 2007-08, reports that 94.7% of 
operations in the U.S. with less than 50 head primarily rely on outside income (USDA, 
APHIS, 2008). In contrast, 65.0% of large scale operations, those with 200 head or more, 
list their cow-calf operation as the primary source of their income (USDA, APHIS, 
2008). Typically, cow-calf production does not require the level of intense management 
compared to other beef operations, thus making it more manageable for those with 
limited time and labor, particularly for smaller operations
Cow-calf operations in the southeastern United States are typically small, both in 
the number of head maintained and the number of acres managed, relative to the other 
regions. McBride and Mathews (2011) report that the Southeast (defined in their 
research as:  Alabama, Arkansas, Florida, Georgia, Kentucky, Mississippi, Tennessee, 
and Virginia) had an average of 59 head per farm and operated only 453 acres per farm 
(2011). They summarized data from the 2008 Agricultural Resource Management 
Survey (ARMS) and screened out farms with fewer than 20 cows (excluding these very 
small operations eliminates only ten percent of the total U.S. beef cow inventory  from 
the survey). They found that the average number of head in the Southeast region exceeds 
only that of the North Central states and the acres operated in the Southeast are the 
smallest of all regions.  The NAHMS study population in Part I of Beef 2007-2008, 
however, does include operations with 1 to 19 head of cattle and also includes Louisiana 
in the Southeast region (USDA, APHIS, 2008). 
The research for this thesis defines the southeastern region as:  Alabama, 
Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi, North Carolina, South 
2 
 
Carolina, Tennessee, Virginia, and West Virginia).  Data extracted from the 2007 
Agricultural Census, reveals that the number of beef cattle operations with 1 to 49 head 
of cattle ranges from 78.8% of total beef cattle operations in Arkansas, to approximately 
92.4% in West Virginia; Mississippi operations with less than 50 head comprise 82.7% of 
all beef cattle operations in the state.  The average number of operations with 1 to 49 
head in the Southeast is 83.9%.  The average of all regions except the Southeast is 64.8% 
and the national average is 79.4%. Only 5.8% of operations in the Southeast maintain 
100 or more head of cattle (USDA, NASS, 2007).  The same data reveal that herds in the 
Northern Plains states (Colorado, Kansas, Montana, Nebraska, North Dakota, South 
Dakota, and Wyoming) tend to be larger, on average, with approximately 27.1% having 
more than 100 head and only 53.1% having less than 50 head.  The average number of 
operations with 100 or more head for all regions except the Southeast is 24.7% and the 
national average is 9.5%. The data above reveal that 19.1% more of the beef ranches in 
the southeastern U.S. are those of fewer than 50 head compared to the other regions of 
the country. 
The management practices utilized on farms of different size are highly variable.    
Nationally, most operations with less than 50 head calve throughout the year (54.3%). 
When compared to other regions the southeast has a larger percentage of operations that 
calve year round (54.8% versus 32.9% in the central and 19.2% in the west) (USDA, 
APHIS, 2008). Calf weight at weaning was lower for small herds (499 pounds) relative 
to herds with 200 head or more (539 pounds). 
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 1.1 Problem statement 
The regional differences in production practices and operating environments 
create a unique set of challenges for each region.  Thus, research that is particular to each 
region is often necessary and lends significance to this work.  For example, southeastern 
cattle operations tend to be small, fewer than 50 head (USDA, NASS, 2007), and small 
herds tend to be managed under different sets of production practices. Compared to 
operations with larger herds, smaller operations have more loosely managed calving 
seasons and diferent weaning outcomes.  
Previous research has provided insight regarding the make-up of the cattle 
industry across varying sizes and locations.  However, as the cattle industry adapts to the 
changes in factors of production, the data collected for past research becomes less 
representative of current industry dynamics.  For example, a beef cattle operation in 2011 
must deal with fluctuating feed prices, widely variable output prices, pasture shortages 
due to drought, decreased domestic consumption, steep competition from exporters in 
other countries, a shrinking national beef herd (Informa Economics, 2011), as well as the 
uncertain size and impact of the biofuels industry.  This particular combination of 
influences on the cattle industry is unique in recent years. 
Individual cattle operators have always been challenged by weather, soil fertility, 
insects, and other biological factors to produce forage for their cattle.  They have had 
production challenges such as genetic selection, disease, and nutrition.  The variability 
caused by these challenges presents production risks for the individual operator.  
Variability in production, combined with wide fluctuations  in current cattle prices, can 







The widely erratic nature of cattle prices in recent markets makes production risk 
of key importance.  Historically, except for seasonal fluctuations in the cattle price cycle, 
the price for cattle has had a generally low variability.  For cow-calf operators this is 
particularly important because they are typically in the market only once or twice per 
year, depending on their calving season practices.  The analyses contained in this 
research reveals factors that affect the variability in the weaning weight and weaning rate 
of calves within an individual herd. When there is wide variability in the rate of calves 
weaned and the pounds of beef weaned within an individual herd, the risks to the 
operator’s profit potential are magnified.  The weaned weight of a calf is the primary 
product of a cow-calf operation; pointing to the importance of reducing output risks in the 
face of volatile prices.
Cattle producers in the Southeast will be particularly interested in the results of
this research because of the relatively small size of a cattle operation in this region and
because of some of the potential problems that are inherent to small cattle operations.  
Approximately 39.0% of all farms in the United States that have beef are located in the 
Southeast; which is the largest percentage of farms with beef cattle of all U.S. regions.  
Eighty-four percent of beef farms in the Southeast operate with less than 50 head.  Within 
small herds, the calving season tends to be longer and the weaning weights of calves tend 
to be lower than large herd operations, such as those found in the states of the Northern 
Plains region. This thesis builds on past research, and expands the recent frontier of 
research, to better reflect the current practices and characteristics of southeastern cattle 













To address the problems outlined above, the objectives of this research are to: 
1) Define the characteristics of beef cattle operations in the southeastern United 
States.
2) Determine the factors that impact production for southeastern beef cattle 
operations. 
3) Examine the causes of variability in production factors within beef herds of the 
Southeast. 
The first objective primarily addresses the need to characterize a typical cattle 
operation in the Southeast in 2011. Survey questions that asked for operator 
demographics, herd size and makeup, and operation type are used to meet this objective.  
The results of this objective are compared to prior research that reported on similar 
questions. 
The second and third objectives are accomplished through the econometric 
analysis of responses to certain questions in the survey instrument.  These questions 
elicited high, average, and low values for factors such as weaning weight and rate, and 
pregnancy rate. 
1.3 Major Findings of Research 
This research provides an empirical definition of beef cattle operations in the 
southeastern U.S. and compares cattle operations in the Southeast to other regions of the 
country. It also examines factors of cattle production and the practices that affect that 
production. Results of the analysis indicate the following major points: 1.) Only 53.0% 
of all respondents that owned commercial cows have fewer than 50 head and almost 
73.0% of respondents with cattle have seedstock operations with fewer than 50 head.  2.) 






as calves get older. 3.) Seedstock producers, likely due to the genetic nature of a 
purebred herd, produce calves that wean at higher weights than those crossbred calves 
that are typical of cow-calf operations. 4.) Operators that are financially invested in their 
operation, through the amount of income they receive and the amount of financial 
investment they have made, seem to be more attentive to the outcome of their production 
process. 
1.4 Outline of Thesis 
The introductory chapter has given an overview of the makeup of cattle 
operations in the Southeast and other regions of the United States according to other 
research that has been reported. It also introduces the concept of production variability 
within individual herds.  The following chapter details previous research that has been
conducted to examine the characteristics of cattle operations across the U.S. in general, 
and in the Southeast, specifically.  Chapter III provides the foundation for the use of a 
survey instrument with cattle operators and the questions the survey contained.  Due to 
the inherently categorical nature of the responses, dummy variables and their treatment in 
econometric models are also discussed in the third chapter as well as the issues of 
heteroscedasticity and multicollinearity within models.  The theory of profitability 
optimization in firms is discussed and related to the key product of a cattle operation; 
pounds of beef weaned. Chapter IV clarifies the methods that are used in this research to 
achieve the objectives stated on the previous page and explains the development of the 
survey instrument (Appendix A).  Chapter V reports the results of the research and 








This chapter describes previous research that has been conducted in the areas of 
cow-calf and stocker operations as it relates to the objectives of this research.  
Specifically, the chapter reviews those research articles that have examined the make-up 
of cattle operations in the United States and, more specifically, in the Southeast.  The 
second section of the chapter reviews research that contributed to the factors that 
influence the profitability of beef cattle operations is reviewed.  Finally, the third section 
summarizes past research and emphasizes how this research will contribute to the 
scientific literature.
2.1 Describing Beef Cattle Operations in the Southeast 
A significant body of work has been published in the past decade based on 
surveys of beef cattle producers in the United States.  The results of these surveys have 
helped define the some of the typical regional production characteristics and operator 
demographics of a cattle operation in the United States.  This section discusses the 
primary research conducted in the Southeast in the last two decades and the results of that 
research.
Popp and Parsch (1998) surveyed Arkansas cattle producers in 1996.  They found 
that the average first calving age was approximately 26.4 months, the average culling age 
was 8.3 years, and the breeding age range was 14 to 21 months.  Compared to data from 




2007), the results from Popp and Parsch (1998) show similarities across several 
operational characteristics. Popp and Parsch concluded that smaller operations, primarily 
cow-calf only, calve year-round or use little structured control over the calving season.  
In contrast to smaller operations, McBride and Mathews (2011) found that larger 
operations exert more control over their calving seasons.   
Further, Popp and Parsch (1998) found that almost 60.0% of all beef cattle farms 
in Arkansas maintained less than 50 head, although the average size in the survey, due to 
some larger operations, was 94 cows and 19 heifers.  The 2007 Agricultural Census 
reveals that Arkansas had changed since the data collected by Popp and Parsch in 1996; 
the percent of farms with less than 50 head of beef cattle had increased to slightly over 
68.0% (USDA, NASS, 2007). 
Little, Forrest, and Lacy (2000) published the results of research conducted using 
a survey of Mississippi cattle producers’ attitudes toward alternative production and 
marketing practices.  The survey data included basic herd makeup statistics and 
information on the demographic makeup of Mississippi beef cattle producers in 1999; the 
average Mississippi herd size was 33 head. At that time 93.3% of all producers were 
over 41 years of age or older. Over 44.0% of these producers were employed full-time 
off of the farm and approximately 42.0% of the producers’ spouses had full-time off-farm
employment. 
Equally importantly, the research of Little, Forrest, and Lacy (2000) discusses the 
management and marketing preferences of Mississippi cow-calf operators.  They found 
that across herd size, an average of 75.4% of operators would be willing to change their 
calving season and 72.3% would be willing to change the timing of their calving season 




received approximately 62.0% positive responses.  Both of the two previous findings 
point to a willingness to adapt better management practices.  Participation in a livestock
cooperative received mixed reviews, depending on the production or marketing practice 
change. Retained ownership, cash forward contracting, pooling cattle with other 
producers, and accepting prices negotiated by a cooperative, received a positive response 
rate in the low 30.0% and 40.0% range. Changing the breed of bull and identifying cows 
and calves received approximately 57.0% positive responses (Little, Forrest, and Lacy, 
2000). 
The 2007 Census of Agriculture and statistics from NASS QuickStats highlights 
the decline in the number of beef cattle operations.  From 1993 to 2007 the total number 
of beef cattle farms in the southeastern United States decreased by 24.2%.  The national 
decline in beef cattle operations was 10.5% (USDA, NASS, 2007; 2011).  This has been 
accompanied by a 1.6% decrease in total head of beef cows. 
Another survey of the Arkansas beef industry was conducted in 2007, by Troxel, 
et al. The survey sought to analyze the strengths, weaknesses, opportunities and threats 
to the Arkansas cattle industry. The authors split the cattle operations into five 
segments: (1) herds of less than or equal to 50 head, (2) more than 50 head, (3)stocker 
only herds, (4) purebred only herds, and (5) industries that provide support those 
operations. They report from the 2002 Census of Agriculture that over 80.0% of 
operators surveyed in the beef cattle industry in Arkansas were commercial cow-calf 
operations that produced less than 50 cows per year (Troxel, et al. 2007).  Their findings 
agreed with the National Animal Health Monitoring System (NAHMS) study of 1997 
(USDA, APHIS, 1997) as well as previous work by Popp and Parsch (1998) and Little, 





higher percentage of small-herd cow-calf operators than are in the 2007 Census.  The 
2007 Census shows only 68.6% of cattle operations are smaller than 50 head (USDA, 
NASS, 2007). That may indicate a growing presence of stocker/feeder operations in the 
state. The NAHMS study of 2008 shows a national figure of 67.3% of cow-calf 
operations being smaller than 50 head (USDA, APHIS, 2008). 
The use of a survey instrument in this research as a valid form of research and 
response elicitation is supported by previous literature.  Little, Forrest, and Lacy (2000) 
used a survey instrument to define beef cattle operations in Mississippi.  Popp and Parsch 
(1998) used a similar tool with Arkansas beef cattle producers in 1996.  Further, Troxel, 
et al. (2007), and the NAHMS study (USDA, APHIS, 2008) validate the use of survey 
instruments in beef cattle production research.  
2.2 Factors Influencing the Key Economic Components of Beef Cattle Production 
The body of literature that addresses cattle production practices in cow-calf, 
stocker, and mixed operations is extensive.  Most of this literature exists in the animal 
science discipline and is, therefore, beef cattle research that is based on field trial 
experiments conducted under tightly controlled conditions.  A number of early studies 
analyzed field data from beef cattle improvement programs and would, therefore, be 
considered ‘real-world’ data but the analysis was not concerned with the economic 
effects of the variability in factors of production.  The research efforts conducted by 
Cundiff, Willham, and Pratt (1966); Sellers, Willham, and deBaca (1970); and Pell and
Thayne (1978) are some of the notable works that will be reviewed in the following 







operations in the Southeast. The observations were collected during ‘normal’ operating 
conditions of each individual ranch.
The literature discussed in the following subsections examines the practices which 
significantly affect two of the primary factors of cow-calf production: weaning rate and 
pregnancy rate. The research and literature discussed in each of the subsections is used to 
support the research methods, econometric models, and conclusions in the following 
chapters. The final subsection discusses the economic research of Ramsey, et al. (2005) 
and Dhuyvetter and Langemeier (2010); each of which review practices that affect cost 
and profitability factors on beef cattle operations 
2.2.1 Production Practices Affecting Weaning Rate and Pregnancy Rate 
Cundiff, Willham, and Pratt (1966) researched effects on calf weaning weight..  
The authors analyzed data from 13,937 Hereford and Angus calves.  This data, similar to 
the data in the following article, came from the records of a beef cattle improvement
program; in this case, Oklahoma.  The 205-day adjusted weaning weight was obtained by 
using the preweaning average daily gain multiplied by 205 and added to the original birth 
weight. 
The factors examined were age of dam, sex, breed, type of pasture, geographic 
area of the state, month of birth, and management type.  Although all factors were 
significant in explaining variance in the weaning weight, breed and pasture type only 
accounted for one percent of the variance, while the other factors each accounted for at 
least five percent of the variance.  For example, month of birth and type of management 
were two of the factors found to be significant contributors to the variance in weaning 




increase compared to the mean and the greatest decrease occurred if the calf was born in 
August, September, or October.  The weaning weight of the calves gradually increased as 
the month of birth progressed from November to March.  One of the more significant 
effects occurred in the interaction of month of birth and management.  The results 
showed that the month of birth effect on variance in the weaning weight of calves was 
significantly decreased if the calf was creep-fed and that this interaction was an important 
effect on weaning weight. The authors suggest that calves born during the more difficult 
months of summer and fall perhaps compensate for the lack of milk and forage by 
consuming more creep feed (Cundiff, Willham, and Pratt, 1966). 
These findings (Cundiff, Willham, and Pratt, 1966) support the use of questions 
for the season of birth and management practices in the survey instrument in Appendix A 
and their inclusion in the econometric model that is used to examine the factors affecting 
weaning weight. 
Sellers, Willham, and deBaca (1970) examined the “birth and weaning records of 
19,907 Angus and Hereford calves recorded in the Iowa Beef Improvement Association 
program from 1956 through 1967” (p. 5).  They stated the importance of weaning weight 
in the beef industry and its position as the “logical first step” when establishing a 
performance improvement metric in a herd. The authors had four objectives in their 
research, two of which are of importance to the topic of this research.  Those factors on 
which the authors place the most importance are: the effect of sex of calf, year of birth
within the study group, age of dam, management (which was defined as either creep-fed 
or non-creep-fed calves), season of birth, and breed on weaning weight; and the 




and 250 days of age and also followed the adjusted 205-day weaning weight as in 
Cundiff, Willham, and Pratt (1966). 
Sellers, Willham, and deBaca (1970) divided the birth months into seasons: 
December through February is defined as winter; March through May, spring; June
through August, summer; and September through November is defined as fall.  The 
season of birth main effects were similar to Cundiff, Willham, and Pratt (1966), in that 
calves born in the winter and spring seasons weaned heavier than those born in summer 
by 7.7 kg and in the fall season by 4.5 kilograms.  Their conclusions concerning the 
heavier winter weaning weights reflect the suggestions made by Cundiff, Willham, and 
Pratt (1966): winter-born calves receive better management through creep-feeding, and 
creep-feeding is used due to the lack of available forage for grazing and lower milk 
production in the cold of winter. 
Management practices, as defined in Sellers, Willham, and deBaca (1970), had a 
significant effect on each sex.  A calf—heifer, bull, or steer—that was creep-fed showed 
13.0 kg, 19.1 kg, and 10.2 kg increases in weaning weight.  Again, they conclude that the 
increased weight from creep-feeding defines better management of these calves. 
This thesis research follows the seasons of birth as defined above:  December 
through February is defined as winter; March through May, spring; June through August, 
summer; and September through November is defined as fall.  Additionally, creep-
feeding is just one of a number of combined management practices that are analyzed 
here. Based on the results of Cundiff, Willham, and Pratt (1966) and Sellers, Willham, 
and deBaca (1970), this research makes the a priori assumptions that winter- and spring-
born calves will wean heavier than summer- or fall-born calves and that increased 




birth and management practices are the only factors from the above literature used in the 
analyses in the following chapters.
Pell and Thayne (1978) analyzed age of dam, sex, season of birth, and age of calf.  
The factors were analyzed to determine their effect on weaning weight and grade.  The 
authors studied the performance records of more than 27,000 West Virginia Angus and 
Hereford calves from 1961 to 1971.  Similar to other research, before and after, the 
authors found significant effects of sex of calf and age of dam on the weaning weight.  
The research found that weaning weights increased steadily with age of dam until the 
cow reached 84 to 107 months of age and that bulls were heavier than steers or heifers at 
weaning in both breeds studied. The authors found that the season of birth factor was 
only significant in Angus calves. However, they note that there was only a 2 kg increase 
for calves born in January through May compared to those calves born in June through 
December, and then state that “a difference of this magnitude is of little practical 
importance” (p.599).  Pell and Thayne (1978) also studied the effect of calf age on 
weaning weight and found highly significant (P<.01) effects for age when analyzed in 
both linear and quadratic formats.  They concluded that the growth relationship between 
weight gain and weaning age is best graphically described by a curved line up to 300 
days of age. There is not a constant change in weight for every incremental increase in 
age; weight decreases in magnitude as age increases. As supported by Pell and Thayne 
(1978), the survey results analyzed in the following chapters also analyzes the effect of 
calf weaning age on weaning weight and assumes, a priori, that increased weaning age 
has a positive effect on weaning weight. 
Doren, Long, and Cartwright (1986), recognizing pounds of beef weaned as the 
cow-calf operator’s product, analyzed the potential association between weaning weight 
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and calving interval; and the other factors that might affect that relationship.  Their 
research was conducted on data that was collected at the Texas Agricultural Experiment 
Station in McGregor. They contend, based on prior animal science research, cattle 
production systems will have particular times during a year when production potential is 
at a peak and an increased calving interval may push production outside of those peak 
times.  This can lead to a decrease in overall production for an enterprise.  Therefore, 
their research was conducted to explore the longer calving intervals that can arise when 
cow-calf operators selectively breed for higher weaning weights in the calves.  Increased 
weaning weight is, therefore, not the only consideration in cow-calf production.  They 
found that the weaning weight of the previous calf increases calving interval and does 
significantly account for a portion of the variation in calving interval when adjusted for 
breed type, parity, age, and other factors.  Although weaning weight is the primary output 
for a cow-calf operation, it must not be the only consideration in the overall system of 
production. Breeding cows to select for consistently greater weaning weights can 
lengthen the calving interval and may cause reduced output over the life of the cows in an 
operation. The research of Doren, Long, and Cartwright (1986) is used to support the 
importance of weaning weight queries in the survey instrument in Appendix A.  Further, 
their research supports the use of questions pertaining to length and number of calving 
seasons, breed type, and weaning age in the analysis of weaning weight. 
Wittum, et al. (1990) examined the association of management practices with 
reproductive health and performance in Colorado beef herds.  The economic efficiency of 
optimal reproductive performance is discussed as a basis for conducting the observational 
study. Optimal reproductive performance is desired because this metric includes: an 




disorders; and lower incidence of calf mortality at birth.  All of these combine to lead to 
pregnant cows that successfully birth healthy calves which can lead to more pounds of 
beef weaned and increased profits for the producer.  Their goal was to develop a 
“complete understanding of the relationships between management and reproduction” (p. 
2642, 1990) by examining the herd calving rates, rates of incidence of dystocia and 
combined reproductive disorders, and calf mortality rate.  Random-effects multiple 
logistic regression was used since the authors were analyzing the effects of certain 
management factors on dystocia incidence, calving rates, and mortality rates; which are 
continuous but also have a 0 or 1 boundary. 
Decreasing the replacement rate, shortening the breeding season, a smaller herd 
size, and lowering the bull yearling percentage all had significant (99% confidence level) 
association with a higher calving rate (Wittum, et al., 1990).  The mortality rate increased 
with early calving seasons—brought on by breeding seasons that began in April or 
earlier—and smaller herd size.  The higher mortality rates associated with those early
calving seasons was attributed to extreme cold or wet weather.  They offer that neonatal 
calf mortality in larger herds may be less likely to be reported since it may not be 
observed; this may explain a lower calving rate—the neonatal birth and subsequent death 
is never recorded as a live birth—and a lower mortality rate both being associated with 
larger herds. Their research supports the use of questions in the survey instrument in 
Appendix A concerning herd size and replacement rate of cows.  It also supports the use 
of the management practice measures of calf mortality rates and calving season length 
and frequency. These questions are used to analyze the calving rate (number of calves 
that are born live per number of breeding females exposed) of an individual herd. 
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Gaertner, et al. (1992) used the records of 1909 Simmental-sired calves born to 
Brahman-Hereford F1 dams from 1975 to 1990 to determine the effects of year, season of 
birth, age of dam, age at weaning, and sex of calf on birth weight and weaning weight.  
Forage availability, represented by stocking rate, was also analyzed for its effect on 
weaning weight and birth weight. Forage-use efficiency is a key determinant of optimal 
production in cow-calf enterprises. Effective use of forages is one of the management 
tools available to the operator.  The study conducted by Gaertner, et al (1992) helped to 
further the literature on those factors that affect production and assisted the operator in 
making sound bioeconomic decisions concerning weaning, pasture rotation schedule, and 
others. 
The regression for age of the calf at weaning was highly (99% confidence level) 
significant in affecting the variance in calf weaning weight.  Weaning weight was 
significantly affected by sex and season of birth as well as season of birth and stocking 
rate interaction terms.  As in Cundiff, Willham, and Pratt (1966), steers weighed more at 
weaning than heifers across season of birth.  Fall-born (September through December) 
calves exhibited a 61.6 kg weaning weight difference between low and high pasture 
stocking rates than did winter-born (January through March) calves; which had a mean 
weaning weight of 215.9 kg in high stocking rate pastures and 264.6 kg in pastures with a 
low stocking rate. The greater difference is attributed to better quality forage—cool 
season, annual forage versus predominantly Bermudagrass—and the ability of calves to 
better utilize that high-quality forage (Gaertner, et al., 1992). A finding of their research 
that differed from prior research was that fall-born calves tended to weigh more at 
weaning than winter- or spring-born calves.  The research of Cundiff, Willham, and Pratt 





calves born in winter and spring compared to fall.  The differences can be attributed to 
the differences in the season of birth definitions and also, according to Gaertner, et al 
(1992), to geography, breed, and forage system. 
Gaertner, et al. (1992) support the use of season of birth, weaning age, and forage 
type as factors that affect calf weaning weight.  Their conclusion that fall-born calves will 
wean heavier in the humid climate of the southeastern United States than winter- or
spring-born calves leads to an a priori assumption that calves (in the research of the 
following chapters) that are born in September through November will weigh more than 
those calves born in December through May. 
Buskirk, Faulkner, and Ireland (1995) discussed the positive effects of weaning 
weight on lifetime calving potential for cows.  Their study was comprised of 452 
weanling heifer calves. The calves were fed a high or low amount of supplement for a 
136 day postweaning period in order to give some of the calves a greater postweaning 
gain than others. They were then able to study the effects of postweaning gain on 
subsequent calf production. Another of the factors researched was the initial weaning 
weight of a calf, prior to the feeding of the supplements, and its effect on subsequent calf 
production. 
Buskirk, Faulkner, and Ireland (1995) report the negative effects of supplemental 
feeding on prepubescent heifers and the “detrimental effects” of overfeeding on 
pregnancy rates (p. 937, 1995). Their study concluded that increased weaning weight, 
and postweaning gain, positively affected the probability of a heifer reaching puberty
before breeding season and the probability of success with the first artificial insemination 
service. These two factors also increased subsequent milk production.  Those results led 






increase for a heifer whose weaning weight was above the mean.  Their research supports 
the use of pregnancy rate as a dependent variable, equation [4.4] in Chapter IV, to be 
analyzed in cow-calf research.
2.2.2 Relating the Effects of Production Practices to Costs and Profitability 
In a study of the factors that affect beef herd costs, Ramsey, et al. (2005) used 
Standardized Performance Analysis (SPA) to combine financial and production records 
into one analysis. Their data came from producers in New Mexico, Oklahoma, and 
Texas. There were 394 herd-year observations gathered over the period from 1991 to 
2001. 
Ramsey, et al. (2005) specifically analyze the economic performance of a herd by 
measuring the cost of production, rate of return on assets, and the pounds of beef weaned 
per exposed female.  Their research used three models to capture cost, production, and 
profitability factors: “(1) cost—defined as economic pretax cost before non-calf revenue 
adjustment per hundredweight; (2) production—defined as pounds weaned per exposed 
female (lbs); (3) profit—defined as percent return on assets calculated on a cost basis” 
(p.93). Although none of their models explained a significant portion of the variability in 
each of the dependent variables (the R2 values were 0.31, 0.50, and 0.11, respectively), all 
of their independent variables were significant in at least one of the models.  Of note are 
their results that indicate a declining cost per unit, at a decreasing rate, as herd size 
increased, leading to the conclusion of increasing economies of size at a decreasing rate.  
Also, weaning weight was positively affected by investment in livestock and a higher 
calving percentage; and negatively affected by death losses and longer breeding seasons.   
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Further, Ramsey, et al. (2005) included calving percentage, mortality rate of 
calves, and length of breeding season as measures of management practices.  Calving 
percentage was the only variable to show significance in all three—cost, production, and 
profit—of their models.  They declared calving percentage to be “clearly within the 
purview of management” (p.97); pointing to the importance of management practices that 
increase calving percentage as being beneficial to increase production and profit and 
decrease the per hundredweight costs. Their conclusions reinforced the importance of 
managing for live, healthy calves—described by Wittum, et al. (1990) as optimal 
reproductive performance—and directly linked that priority to its economic benefits.  
Ramsey, et al. connected length of breeding season, calving rate, and death loss directly 
to the skill of the operation manager and the level of management intensity.  They also 
demonstrated the positive effects of higher weaning weights and higher calving rates on 
profitability of the cattle enterprise.  Therefore, the econometric models presented in 
Chapter IV of this research examine the effects of management and financial practices on 
weaning weight, weaning rate (success), and pregnancy rate. 
Dhuyvetter and Langemeier (2010) examined the differences between high-, 
medium-, and low-profit cow-calf operations.  Similar to previous literature (Ramsey, et 
al., 2005), they found that profit was positively related to selling weight, ceteris paribus. 
Also, profits increased at a decreasing rate for increased herd size, up to 345 head, also 
indicating economies of size as in Ramsey, et al. (2005).  Another significant suggestion 
of their work is the potential positive impact of good management even in bad years.  
There existed more variability in returns at a point in time across producers than there did 
across years implying that producers can possibly improve management in order to 




to-year variability effects of the cattle cycle.  The authors placed particular importance on 
managing non-feed costs through economies of size since larger operations experienced 
lower per cow costs for labor, machinery, and depreciation.  As the percent of total costs 
dedicated to feed increased, so did the profit of an operation; conversely, the costs in 
dollars per cow decreased. 
2.3 Chapter Summary
This chapter has discussed prior research of cattle operations in the Southeast and 
other regions of the United States. Operator demographics, key production factors and 
characteristics of cow-calf enterprises are well-supported in the animal science literature, 
and to a lesser extent, in the agricultural economics literature. Much of the literature was 
taken from large-sample data, such as the 19,907 records analyzed in Sellers, Willham 
and DeBaca (1970). The research in this thesis is based on small-sample (<200) results.  
The typical cow-calf operation in the southeastern region of the U.S., as described in the 
literature, is distinct in its small size relative to other regions where cattle operations are 
more prevalent. 
Characteristics of cow-calf operations in the southeastern region of the U.S. are 
distinguished in the literature by herd size when compared to regions, such as the Great 
Plains, where cattle operations are more prevalent.  This thesis compares results of the 
responses collected to the body of literature discussed above. 
The variables of production used in the econometric models in Chapter IV follow 
those of the literature cited in the above sections of Chapter II.  Section 2.1 reviews three 
separate previous works of research that used survey instruments as the primary data 




used because of the characteristics they captured and to support the use of a survey 
instrument in data collection for this thesis research.  Section 2.2 reviews research based 
primarily on animal science controlled field trials and cattle operation production records.  
The majority of those works examine weaning weight and reproductive efficiency 
(pregnancy rate and calving rate) as the dependent variables.   
The research results from Section 2.2 generally found that for weaning weight as 
a dependent variable, calves born in the months of December to May weighed more than 
those born in June to November.  This points to an a priori assumption of a positive sign 
on a winter and/or spring season of birth variable and a negative sign on a summer and/or 
fall variable. The use of cool-season forages, the creep-fed calf and a calf which is the 
product of more closely managed breeding seasons will wean at a higher weight, pointing 
to a positive sign on a management practices variable.  Also, a herd size variable and calf 
weaning age variable should each have a positive sign up to a certain bound.  Length of
breeding season and herd size variables should each have a negative sign when used as 
regressors for pregnancy rate.  A combined management practices variable which 
captures increased attention to the herd and increased intensity of management should 
have a positive sign as an effect on pregnancy rate.   
A possible shortcoming of previous research, and the basis for Objective 3 in 
Section in 1.2, is the absence of the analysis of the variability in the primary production 
factors. This research specifically analyzes the variability in weaning weight and 
pregnancy rate. The analysis of variability within herds—using low, high, and average 
responses to production factor queries—has not been examined in previous literature to 






Beef cattle producers focused on maximizing profits are concerned with the 
number of pounds of beef produced, the price at which they can sell that beef, and the 
costs that are incurred to achieve that product.  The research methods of this study focus 
on the factors of production that affect the pounds of beef weaned in a cow-calf operation 
in the southeastern United States and the characteristics that differentiate the cattle 
ranches of this region. The foundational economic theories that are discussed in Chapter 
III provide a framework for the use of the research methods outlined in Chapter IV.  
Those methods, supported by economic theory, are, in turn, used to derive the results of 
Chapter V. These methods and objectives are also both supported by the research 
literature cited in Chapter II.   
The foundations of profitability and profit maximization within a firm are 
discussed in the first section of the Chapter III, although the specific individual profit 
function of a cattle enterprise is not directly discussed in this research.  However, the 
product of the enterprise, pounds of beef weaned, is analyzed to determine how it is 
impacted by demographic, biological, and management practice influences.  The 
importance of pounds of beef weaned as a key driver of enterprise profitability is 
established by Ramsey, et al. (2005).  Therefore, the support for the econometric models 
of Chapter IV is first built within the more general framework of the definition of profit 





be met for profit maximization to be achieved in a firm.  The theoretical methodology for 
ordinary least squares regression, and the reasons for its use, is discussed in the methods 
of Chapter IV. However, the general use of regression models in cattle research is 
supported in Chapter III and Chapter IV.  The use of survey instruments to compile 
necessary data for econometric analyses is described in Section 3.3 and followed in 
Section 3.4 by a theoretical framework for the development of the empirical models used 
in Chapter IV. 
3.1 Defining and Optimizing Profitability in an Agricultural Firm 
Agricultural enterprises encounter input costs, output prices, and constraints as do 
other non-agricultural firms.  Although some beef cattle producers may have other 
objectives, firms that manage for optimized weaning weights while minimizing costs and 
constraints to maximize profits are the focus of this research.  Beattie and Taylor (p. 6, 
1993), in The Economics of Production, state the reasoning for this assumption best: “We 
focus mainly on the conditions for maximum profit, as this is a plausible goal for many 
firms, especially those that are operating in a competitive economic system.” 
The research of Dhuyvetter and Langemeier (2010) and Ramsey, et al. (2005) 
support the importance of managing a cattle operation for optimum production.  The 
conditions for optimization are discussed in this section to underscore the importance of 
weaning weight, calving rate or weaning success, and pregnancy rate to the overall 
profitability of the cattle enterprise.
Beef cattle producers are concerned with the number of pounds of beef produced, 
the price at which they can sell that beef, and the costs that are incurred to achieve those 






f u n cti o n is a “ d es cri pti o n of t h e v ari o us t e c h ni c al pr o d u cti o n p ossi biliti es f a c e d b y a 
fir m ” ( B e atti e a n d T a yl or, p. 3, 1 9 9 3).  A g ai n, t h e e c o n o m etri c m o d els of C h a pt er I V is 
n ot dir e ctl y c o n c er n e d wit h s p e cifi c pr o d u cti o n f u n cti o ns of c attl e o p er ati o ns b ut r at h er 
t h e eff e cts of pr o d u cti o n f a ct ors o n t h e m ai n pr o d u ct of a c attl e o p er ati o n; w hi c h is 
p o u n ds of b e ef w e a n e d. T h e g e n er ali z e d  pr o d u cti o n pr o c ess t hr o u g h w hi c h b e ef 
pr o d u c ers utili z e a v ail a bl e i n p uts  t o o bt ai n t h e o ut p ut of p o u n ds of b e ef c a n b e b est 
d es cri b e d wit h a o n e o ut p ut, s- v ari a bl e f a ct or, x i , pr o d u cti o n f u n cti o n.  T his f u n cti o n is 
c o m m o nl y r e pr es e nt e d i n B e atti e a n d T a yl or b y: 
y  f  x1 ,..., x s x ,..., x  ,  ( 3. 1)s  1 n 
w h er e x s  1 ,..., x n r e pr es e nts t h e fi x e d f a ct ors of pr o d u cti o n.  Pr ofit (π ) is t h e n d efi n e d i n 
t h e g e n er al s e ns e as t h e t ot al v al u e of t he pr o d u ct ( T V P), p o u n ds of b e ef a v ail a bl e f or 
s al e at m ar k et pri c e l ess t h e t ot al c osts ( C ) of t h e f a ct ors, s u c h as l a b or, m a c hi n er y, 
v et eri n ar y s er vi c es, f e e d, a n d ot h ers, us e d i n  pr o d u ci n g t h e pr o d u ct.  T his is e x pr ess e d: 
s 
  T V P  C  g  f   f    x h i x  b ,      i   i  ( 3. 2)  
i 1 
w h er e f    f x 1 ,..., x s x s  1 ,..., x n  ; g f   is t h e f u n cti o n al f or m f or o ut p ut pri c e, p ; 
h xi  i i s t h e f u n cti o n al f or m f or v ari a bl e f a ct or c osts, ri ; a n d b  r e pr es e nts t h e fi x e d c osts. 
T his a p pr o a c h, f oll o wi n g B e atti e a n d T a yl or, is us e d t o o bt ai n t he o pti m u m c o m bi n ati o n 
of f a ct ors t h at l e a d t o  pr ofit m a xi mi z ati o n.   
T h e first r e q uir e m e nt f or a fir m t o b e at a pr ofit m a xi m u m is t h at t h e first or d er 
c o n diti o ns of e q u ati o n [ 3. 2] b e e q u al; or, m ar gi n al v al u e pr o d u ct ( M V P) fr o m e a c h 
a d diti o n al p o u n d of b e ef s ol d m ust b e e q u al t o  t h e m ar gi n al f a ct or c osts ( M F C) of e a c h 
a d diti o n al p o u n d of b e ef pr o d u c e d r e pr es e nt e d as: 





Building on the above equations, and expanding to the second order conditions, 
Beattie and Taylor (1993) give the second requirement for a producer to be at a profit-
maximizing point.  That is, the “naturally ordered principal minors of a (s x s) Hessian 
determinant alternate in sign” (p. 137).  Satisfying the first- and second-order conditions 
are sufficient for profit maximization but there is a final condition.  The final condition to 
reach a profit-maximizing combination of inputs and output level is expressed: 
TVP  c , (3.4) 
If the short-run total value of the product does not exceed or equal the variable factor 
costs (c), the producer may have no incentive to produce at all and would shut down. 
3.2 The Survey Instrument 
The use of a survey instrument, in general, as a tool for data collection and 
research is a well-established method for collecting operator demographic and farm
production data in the cattle industry (Little, Forrest, and Lacy, 2000; Popp and Parsch, 
1998; Troxel, et al., 2007). The general use of internet methods for surveys is becoming 
increasingly prominent in informal and formal research.  Lenert and Skoczen (2002), 
reporting on internet survey methods in the health sciences, cites the potential for 
collecting large sample sets; Matsuo, et al. (2004) cite the low cost of distribution, the 
speed of response, and the ease of data compilation as arguments for the use of online 
survey instruments.  They also note other research that found favorable comparisons 
between demographic data collected via online surveys and data collected through mail 
surveys. 
The instrument used in the present research differs in scope and specific research 




questions are similar to theirs.  Operator demographics allow the researcher to delineate 
differences in production due to experience, education level, or household makeup.  The 
size of the herd and use of that herd, breed characteristics, age of dams and calves, cattle 
sourcing, calving seasons, forage and feed practices and other management practices 
allow for a more detailed analysis of the factors of production in the operation.  The 
instrument used for this research is presented in Appendix A. 
The survey instruments used by Little, Forrest, and Lacy (2000), Troxel, et al. 
(2007), and NAHMS (USDA, APHIS, 2008) contained questions that only permitted 
categorical responses. The respondent was asked to choose one response from a group of 
possible answers. For example, operators could only respond to being members of one 
age group, one race, one “percentage of off-farm work” category, or to owning only one 
particular herd size. Other questions were asked that allowed multiple responses to one 
categorical grouping such as the different cattle marketing methods utilized on a farm or 
the type of breed represented within a herd. These types of questions were then analyzed 
as “Yes” or “No” responses to those categories.  If an operator chose “1-49” as the 
response to herd size, then the response to “50-99” was necessarily negative.  Questions 
that allowed for multiple positive responses were also either separated into subcategories 
with positive or negative responses to each of the possible responses.  Survey questions 
that ‘force’ a respondent to choose from one or more possibilities within a question group 
are labeled as categorical data and are analyzed as such.  This is a common method of 
categorizing data responses and is well-supported as a method of research; evidenced by 
the work of Little, Forrest, and Lacy and others. 
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 3.2.1 Support for the Specific Survey Questions 
The survey (Appendix A) elicits production data typically found in the animal 
science literature and demographic data that is common to agricultural research: operator 
age, educational status, and income data; herd size; age of calves at weaning; cattle 
sources and geographical information; forage type and availability; feeding practices; 
length and frequency of calving season; breed makeup; and others.  The body of research 
in animal science literature is frequently conducted subject to tightly controlled, field 
experiment conditions.  Although, there are examples of research that come from beef 
cattle improvement program data or other production data (Cundiff, Willham, and Pratt, 
1966; Sellers, Willham, and deBaca, 1970), these do not usually review the economic 
effects of the variability of those factors.  This study follows the animal science literature 
in the factors that are surveyed and subsequently analyzed.  It also examines the factors, 
of weaning weight, pregnancy rate, and weaning rate, for within-herd variability.  This 
study of variability will allow the producer, or academic or extension researchers, to 
apply current market pricing data to the results and observe the level of potential 
economic risks to an individual operation.   
Weaning weight is typically the keystone production factor in analysis of cow-
calf research (Doren, Long, and Cartwright, 1986).  Sellers, Willham, and DeBaca 
(1970), described weaning weight analysis as the “logical first step” in analyzing the 
performance of a beef herd.  Doren, Long, and Cartwright emphasized this importance as 
they sought to find management and calf traits (as singular variables and two-factor 
interactions) that had significant effect on weaning weight.  Recognizing the economic 
importance of weaning weight to the industry, their work focused on the 205-day 




examined that impact weaning weight were season of birth—the 3-month season in 
which calves were born—and management practices.  The seasons were: December 
through February is defined as winter; March through May, spring; June through August, 
summer; and September through November is defined as fall.  Both had significant, 
positive effects on the weaning weight of a calf across sexes.  Pell and Thayne (1978) 
also analyzed season of birth effects on weaning weight and found significance only in 
the Angus calves (of the Angus and Hereford calves comprising the group) that were 
studied. However, only a 2 kg of gain advantage was noted in the winter; which they 
declared to be too small to be considered a practical advantage. 
Mortality rate was increased by early calving seasons and smaller herd sizes 
according to Wittum, et al. (1990) in a study of 44 randomly selected Colorado cow-calf 
herds as part of the National Animal Health Monitoring System of October 1, 1987, to 
September 30, 1988.  As weaning rate (defined as the number of calves weaned per 
exposed breeding female) is directly affected by the number of deaths (captured in 
mortality rate) from birth to weaning, early calving and smaller herd sizes would also 
negatively affect the weaning rate.  The authors were also concerned primarily with the 
relationship between management and reproductive performance.  The research of 
Wittum, et al. supports the use of calving season, length and number of calving seasons, 
herd size, operator experience, and operator income and financing for their impacts on 
pregnancy rate. 
3.3 Chapter Summary
Chapter III has provided the theoretical framework for the methods of research 




in cattle operation research is supported by Little, Forrest, and Lacy (2000) and others.  
The analysis of the factors that affect key production criteria, such as weaning weight and 
pregnancy rate, is supported by the research literature cited in Chapter II.  The 
relationship between the key production criteria and the profitability of a cattle operation 
is established by Ramsey, et al., and Dhuyvetter and Langemeier; and the foundations of 
profitability is cited in Beattie and Taylor (1993).  Multivariate regression methods, in
which dependent variables are regressed on multiple explanatory variables (Gujarati and 
Porter, 2009) is a foundational tool for the analysis of factor effects in cattle operations 
(Wittum, et al., 1990).  Finally, the variables chosen for analysis are based on 
foundational animal science and agricultural economics research (Ramsey, et al., 2005; 








The previous chapter provided the basis for using the dependent and independent 
variables in the models that follow.  The data for these variables were gathered using a 
survey method that is supported in the literature.  The basic characteristics of cattle 
operations in the Southeast are summarized Chapter V using simple frequency counts and 
percentages.  The factors of production, which were discussed in Chapters II and III, are 
analyzed using the classic linear regression method and the results are presented in 
Chapter V. 
4.1 Data Collection Method and Survey Development 
This study uses data gathered from responses to an online survey of cow-calf and 
stocker producers in the cattle industry.  Survey respondents were drawn primarily from
contacts compiled by the Agricultural Economics and Animal Science Departments at 
Mississippi State University, the Mississippi Cattle Industry Board (MCIB), and the 
Mississippi Cattlemen’s Association (MCA).  The link to the survey was also made 
available to academic, extension, or industry personnel in Alabama, Arkansas, Florida, 
Georgia, Kentucky, Louisiana, North Carolina, South Carolina, Tennessee, Virginia, and 
West Virginia. The regions that are defined in this survey are in the map below, Figure 
4.1. Additionally, prospective respondents were also gathered through the weekly and 
monthly newsletters of the respective departments and through the Cattle Business in 







beef cattle books, and financial software) for Mississippi operators were provided by the 
Mississippi Beef Cattle Improvement Association.
Figure 4.1 Definition of the Regions Used in this Research 
The survey was targeted to those operators that have cow-calf only enterprises, 
stocker only operations, and those operators that have a combination of cow-calf and 
stocker enterprises (Appendix A). The survey was made available for eight weeks with a 
reminder sent after three weeks of the initial contact. The survey questions were 
developed following the theoretical framework outlined in Chapter III.  A number of the 
questions were designed for later use by academic researchers but are not addressed in 
the scope of the present research.  The instrument itself was designed using the 
foundational process of investigating the topic problem, surveying the literature for 
economic theory to support the questions, gaining appropriate institutional approval to 













WWAVG Average calf weight at weaning (in pounds) 
WWσi Standard deviation of low, high, and average 
responses to weaning weight survey questions 
B2W Birth to weaning rate as a ration of weaning rate to 
pregnancy rate. 
PRAVG Pregnancy rate—calves conceived per breeding 
females exposed 
WRσi Standard deviation of low, high, and average 
responses to calf weaning rate (calves weaned per 
breeding females exposed) 
Independent Categorical Variables
EXP14, EXP29, and EXP30 Operators with up to14, 15-29, and >30 years of 
experience owning or managing a cattle operation 
(EXP14 is the base category) 
BEEFINC20, BEEFINC21 20% or less, or 21% or more, of the operators 
household income is from the cattle operation 
CC0, CC49, CC199, and CC20 0, 1-49, 50-199, and >200 head of commercial cattle 
(CC0 is the base category) 
 
above. The results of the research reviewed in Sections 2.1 and 2.2 are used as a basis to 
which to compare the analysis of the survey responses in Tables 5.1 through 5.4. 
4.2 Empirical Models
Five econometric models are specified to determine which factors of production 
have a significant effect on select production components of cow-calf operations.  These 
models describe the factors that affect average weaning weight, the standard deviation of 
within-herd weaning weight, the birth-to-weaning rate (defined as the number of calves 
that are weaned per calves conceived), average pregnancy rate, and the standard deviation 
of the weaning rate. The dependent and independent variables collected in the survey, 
and used in the empirical models, are listed in Table 4.1. 
Table 4.1 Dependent and Independent Variables Used in Empirical Analysis of 
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Table 4.1 (Continued) 
Variable   Definition
SS0, SS49, SS199, and SS200 






Independent Continuous Variable 
WEANAGE 
0, 1-49, 50-199, and >200 head of seedstock cattle 
(SS0 is the base category) 
Seasons of year in which at least one calf was born on 
the operation 
All calves born on operation were born within a single 
3-month period, or in 4 or more months within a year 
The operation was managed with two distinct calving 
seasons, or no distinct calving season was detectable 
20% or less, or 21% or more, of cattle and feed are 
being financed by outside source 
Annual ryegrass is used as a cool-season forage or 
another type of forage was used 
Creep-fed calves were fed 3 or more pounds of 
supplement daily, or less than 3 pounds were fed 
A continuous variable that describes the age (in 
 months) at which the calf is weaned
  4.2.1 Estimation Procedures
Cattle operations are assumed to be profit-maximizing firms.  The theoretical 
basis of enterprise profitability is discussed in Chapter III.  For cow-calf operations, a 
pound of beef weaned is the primary source of revenue and is typically measured as per 
exposed female. The average weaning weight of a calf is the first model because of its 
importance as the primary product of the operation.  Due to the natural impact that birth-
to-weaning rate and pregnancy rate have on the number of calves that actually make it to 
sale, these two models (as defined by equation [4.3] and [4.4]) are included.  The 
variability in weaning weight and weaning rate are examined because previous literature 
contains no known direct examination of the variability of these two factors of 
production. Minimizing variability in the product of the operation decreases profit risk. 
The beef cattle data in this research is analyzed using ordinary least squares 





weight and calving or pregnancy rate as key indicators of profitability.  The OLS method 
has the primary objective of minimizing the variance between the estimated values of a 
dependent variable and the actual values at any given observation point (Gujarati and 
Porter, 2009). Multiple regression analysis is used to analyze the data due to the presence 
of numerous independent variables.   
Respondents to the survey in Appendix A reported low, high, and average 
weaning weights; the model, equation [4.1], only examines the average weaning weight 
responses as a dependent variable. The estimated model is: 
WWAVG   EXP29  EXP30  BEEFINC21  CC49  CC199 i 0 1 i 2 i 3 i 4 i 5 i 
 CC200  SS49  SS199  SS200  FIN 21  RYE 6 i 7 i 8 i 9 i 10 i 11 i  (4.1)
 WIN  SPR  SUM  FALL  CALFMON312 i 13 i 14 i 15 i 16 i 
17CALFSEA2i 18SUPPCALFi 19WEANAGEi  ui , 
where EXP14, BEEFINC20, CC0, SS0, FIN20, CALFMON4, and CALFSEA0 are 
default dummy variables, and i corresponds to each individual observation. 
Following Ramsey, et al. (2005), weaning weight is used as a key indicator of 
profitability in cow-calf operations because of its direct effect on revenue and total costs 
of production. Dhuyvetter and Langemeier (2010) found that pounds of beef weaned per 
exposed female had significant positive effect on profit in cow-calf producers; however, 
they also found that the factors that drive costs are more important to distinguishing 
between low-profit and high-profit producers. Buskirk, Faulkner, and Ireland (1995) also 
determined in a 1994 study of 452 calves purchased in the southeastern United States 
(observed in Illinois), that increased weaning weight yields several long-term production 
benefits, including the increased potential for reaching puberty before the first breeding 
season. They use Lesmeister, Burfening, and Blackwell (1973) to support the implication 





An analysis of the factors that affect the operation’s production of a weaned calf is 
important to the profit-maximizing operator.
 Age of calf at weaning (WEANAGE) and calving season, winter (WIN), spring 
(SPR), summer (SUM), or fall (FALL), are used to estimate weaning weight following 
Pell and Thayne (1978) and Gaertner, et al. (1992).  This research also analyzes 
additional production factors for southeastern cow-calf operations similar to those found 
in the research of Sellers, Willham, and deBaca (1970) and Buskirk, Faulkner, and 
Ireland (1995). Those variables included are: availability of quality winter ryegrass 
forage (RYE); amount of creep-fed calf supplements (SUPPCALF); the existence of 
distinct calving seasons (CALFSEA2); and number of months calved (CALFMON3)
(Sellers, Willham, and DeBaca, 1966).  Management intensity is proxied using EXP29, 
EXP30, CALFSEA2, CALFMON3, FIN21, and BEEFINC21. 
Gaertner et al. (1992) found significance in the effects of forage type, such as cool 
season annual (RYE), warm season perennial, and other types on calf weaning weight.  
The availability of quality forage, RYE, to winter-born calves and creep-fed supplements, 
SUPPCALF, to all calves is expected to have a positive effect on the weaning weight of a 
calf. The age of calf at weaning is expected to have a positive effect on weaning weight.  
Wittum, et al., (1990) found that calf mortality negatively affects overall weaning rate 
and that calf mortality increased with earlier calving seasons, as they observed in 
Colorado beef herds. The implication of this facet of their research was that the extreme 
weather of earlier calving seasons could lead to higher calf mortality.  The calving season 
timing is therefore used in the empirical model, equation [4.1], of this chapter to capture 
any significant effects of calving season on weaning weight.  
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The winter variable (WIN) captures calves born in December, January, or 
February; the summer (SUM) variable captures those calves born in June, July, and 
August. Those two variables are expected to have a positive effect on the weaning 
weight of calves due to the subsequent mild weather after birth.  Cundiff, Willham, and 
Pratt (1966) found that calves born in months that were typically followed by extreme 
weather had a decrease in weaning weight.  The Oklahoma herds that they studied had 
the greatest increase when the calves were born in February, March, or April.  The 
warmer climate of the Southeast would tend to push the optimal calving months to 
December or January through February or March, roughly corresponding to the winter 
variable in this research (WIN). 
The request for operator demographics is a common survey tool (Little, Forrest, 
and Lacy, 2000; Troxel, et al., 2007) and determining the use of supplements is common 
when surveying for purposes of observing weight gain in cattle.  The experience level of 
operators (EXP14, EXP29, EXP30), the percent of income from cattle (BEEFINC20, 
BEEFINC21), the level of financing of land and feed (FIN20, FIN21) and the size of the 
commercial herd (CC0, CC49, CC199, CC200) and/or seedstock herd (SS0, SS49, 
SS199, SS200) are included to determine if there exists any significant effect on factors 
of production from these explanatory variables.  EXP14, BEEFINC20, CC0, SS0, FIN20, 
CALFMON4, and CALFSEA0 are the default dummy variables. 
The standard deviation of the weaning weight, , is determined using the 
responses of low, high, and average for those categories from each respondent.  The 
properties of the triangular distribution are then used to find the variance and the standard 


























































































where the same default categorical variables are used as in equation [4.1]. 
The birth-to-weaning rate (B2W) points to mortality rate (the number of calves 
born less the number of calves that die—or are lost due to other causes—equals the 
number of live calves that make it to weaning), and thus affects the total pounds weaned.  
The model for weaning rate variability is expressed: 
B2W    EXP29  EXP30  BEEFINC21  CC49i 0 1 i 2 i 3 i 4 i 
 5CC199i  6CC200i  7 SS49i  8SS199i  9SS200i  (4.3)
10 FIN 21i 11WINi 12 SPRi 13SUMi  14 FALLi 
 CALFMON3  CALFSEA2  u ,15 i 16 i i 
where the same default categorical variables are used as in equation [4.1]. 
The percentage of calves that are born and then make it to the weaning stage is 
not a prevalent statistic in the literature.  Normally, it is the calving rate (number of 
calves born per cows exposed) that is reported, as in Beef 2007-08 from the National 
Animal Health Monitoring System (USDA, APHIS 2008).  Additionally, weaning rates 
(number of calves weaned per cows exposed for breeding), mortality rates, and other loss 
rates are typically the measures that are reported.
Instead of examining the factors that affect calf loss within 24 hours of birth, pre-
weaning mortality, loss to predators, or other losses, the B2W variable allows the 
researcher to capture all losses at once.  This measures the success of the operator in 
managing the herd for maximum number of calves weaned per calves born.  The survey 





weaning rate for their operation. The birth-to-weaning rate (B2W) is then determined as 
a ratio of weaning rate to pregnancy rate, using the average per operation responses for 
each variable. It is assumed to be impossible to achieve a within-herd weaning rate 
greater than the pregnancy rate at any given point since they are both based on the same
number of cows exposed.  Therefore, in any case in which operators reported a weaning 
rate that was greater than the pregnancy rate, the B2W rate was recorded as the upper 
bound of weaning rate or pregnancy rate, 1.0. The B2W variable is then used as the 
dependent variable in equation [4.3] to determine the factors that influence the weaning 
success of a representative Southeastern cow-calf operation. 
Reproductive efficiency is a well-known determinant of production success 
(Buskirk, et al., 1995; Wittum, et al., 1990), so the average pregnancy rate (PRAVG) 
supplied by the survey respondents is used. Pregnancy rate is analyzed using the 
following model: 
PRAVG    EXP29  EXP30  BEEFINC21  CC49  CC199i 0 1 i 2 i 3 i 4 i 5 i 
 CC200  SS49  SS199  SS200  FIN 21  WIN 6 i 7 i 8 i 9 i 10 i 11 i  (4.4)
 SPR  SUM  FALL  CALFMON3  CALFSEA212 i 13 i 14 i 15 i 16 i 
u , i 
where the same default categorical variables are used as in equation [4.1]. 
Pregnancy rate is defined as the number of cows that conceive per number of 
cows exposed for breeding. The regression is based on the observations of average 
pregnancy rate (PRAVG). In their analysis of calving management, Dargatz, Dewell, and 
Mortimer (2004) rightly point out that “there is no production without reproduction” (p. 
998). The pregnancy rate is analyzed because of its biological significance to the 
operation; only cows that conceive can eventually give birth to calves that are later 





affecting the pregnancy rate within a herd lead to direct biological effects on the ability to 
produce pounds of weaned beef. The variables RYE, SUPPCALF, WEANAGE are 
dropped in the model for conception success (PRAVG), equation [4.4], because they are 
used specifically in the weaning weight of the calf and not in the pregnancy rate of the 
dam.
A final model to be estimated for cow-calf operators is the variability (expressed 
by the standard deviation) of the weaning rate of calves in the herd. The standard 
deviation of the weaning rate was regressed on the same variables as in the previous two 
equations and is expressed as: 
WR   EXP29  EXP30  BEEFINC21  CC49  CC199i 0 1 i 2 i 3 i 4 i 5 i 
 CC200  SS49  SS199  SS200  FIN 21  WIN6 i 7 i 8 i 9 i 10  i 11  i  (4.5)
 SPR  SUM  FALL  CALFMON3  CALFSEA212 i 13 i 14 i 15 i 16 i 
ui , 
where the same default categorical variables are used as in equation [4.1].  
The variability in a herd’s weaning rate is equally important due to its biological 
link to pounds of beef weaned; fewer calves weaned leads to fewer pounds weaned, 
ceteris paribus. Survey respondents were asked to provide their weaning rate as a 
percentage of calves weaned of cows exposed for breeding. For example, if 100 cows 
were exposed for breeding and 85 calves were weaned, the weaning rate percentage was 
reported as 85. 
As in the other questions for weights and rates, the weaning rate responses also 
allowed for low, average, and high weaning rates over the last three years of operation of 
the herd. The standard deviation, , for the triangular distribution of each herd’s 





 Table 4.2 A Priori Expectations for the Independent Variable Effects of Equations 4.1 
through 4.5. 



















































































































The “+” or “-“ sign indicates the sign of the expected effect that the independent 
 variables in the left-hand column will have on the dependent variables in the top row.
In each of the econometric models for the standard deviation, and , if
the respondent did not provide an answer for each of the low, high, and average 
possibilities, the standard deviation could not be calculated using equation [4.13] and 
was, therefore, treated as a non-response.  This explains the smaller number of responses 
for .
The expected effects that each of the explanatory variables will have on the 
dependent variable, equations [4.1] through [4.5], are discussed following each of the 











Management of the cattle operation is reflected in the amount of experience the 
operator has, the percent of income derived from the operation and the amount invested 
in it, the season of birth, the length of calving season, and the number of calving seasons.  
As those practices improve or increase, they are expected to positively affect the weaning 
weight, pregnancy rate, and birth-to-weaning rate; and decrease the standard deviation in 
the weaning weight and weaning rate. The availability of quality forage, represented by 
RYE, and feeding of supplements is expected to increase average weaning weight and 
decrease its variability.  An increase in weaning age should positively affect weaning 
weight and weaning weight variability.  Seedstock herds are expected to weigh more than 
commercial cow-calf herds due to breed; the variability of weaning weight and weaning 
rate should decrease in seedstock herds compared to commercial cow-calf herds; and 
pregnancy rate and birth-to-weaning rate should also be greater in the seedstock herd. 
Weaning weight is perhaps one of the most common production factors examined 
in the literature.  The genetic variables that affect weaning weight are not necessarily 
directly examined in the present research.  Genetics may affect the ability of a calf to 
more efficiently use feed and certainly to grow at different rates than other calves.  
However, this research is generally more concerned with those variables over which the 
producer has an amount of control (Ramsey, et al., 2005; Dhuyvetter and Langemeier, 
2010). Once the operator has made the decision concerning what breed(s) of cattle to use 
in his operation, the next decisions are related to managing the calving seasons, the herd 
size, feeding routines, and other production-related practices.  The relationship between 
calf genetics and weaning weight are only indirectly accounted for in the present 









focus of the research but rather how that genetically-influenced growth can be managed 
for optimal weaning weight and profit.
4.2.2  Triangular Distributions 
The variability in cattle production factors such as weaning weight, calving rate, 
and pregnancy rate have not been extensively researched.  Variability in production, as 
discussed in Section 1.1, affects the profits of an operation and has not been previously 
researched in southeastern cattle operations.  Variability in cattle production factors can 
be analyzed using the properties of triangular distributions.  Therefore, the survey 
instrument used in this research solicits high, low, and average responses to questions 
about those production factors and then uses standard triangular distribution properties to 
analyze their variability. Figure 4.1 illustrates the method of questions used. 
Figure 4.2 Example of Survey Questions to Detect Factor Variability
The triangular distribution is used when the data available are high, low, and 
average. These values are used to find the mode for an individual herd in equation [4.6] 
and are then used in equation [4.7] to find the standard deviation and variance of the 


















where  = the low response value (for example, the normal low weaning weight for 
calves in an individual herd),  = the high response value,  = mode,  = mean,  = 
variance, and  = standard deviation (van Dorp and Kotz, 2002). The triangular 
distribution is illustrated below in Figure 4.3 using a plot of the standard deviations of 
each individual herd weaning weight.  From the data, the maximum standard deviation 























Fitted Triangular Distribution of 109 Weaning 
Weight Deviates 
a = 0 
b = 146.002 
c = 20.412 
Figure 4.3 The Triangular Distribution of Weaning Weight Deviates 
4.2.3 Estimation Problems
The analysis of weaning weight and variability of weaning weight includes 19 
categorical dummy variables; weaning rate variability, pregnancy rate, and birth-to-
weaning rate include 16 of those same categorical variables. The use of these variables is 






  		   
survey methods of Little, Forrest, and Lacy (2000), Troxel, et al. (2007), and others.  The 
independent categorical variables used in the econometric models are listed in Table 4.1. 
4.2.3.1 Dummy Variables 
Gujarati and Porter (2009) caution researchers about the pitfalls of dummy 
variables. If three possible responses to a category exist, only two dummies can be used 
in the econometric model when an intercept is included in order to avoid the dummy 
variable trap.  The omitted dummy variable becomes the comparison for those included.  
For example, equation [4.1] uses two categories for operator experience but the data were 
divided into three categories.  In this case, the category that captures all operators with 
less than 15 years of experience serves as the reference category.  The regression results 
for the dummy variables that are used in the model are then interpreted as a comparison 
to the reference category.  For instance, an operator with 15-29 years of experience may 
produce calves that wean 20 pounds greater than the reference category of less than 15 
years of experience. In the case of the calving seasons of winter, spring, summer, and 
fall, operators could possibly calve in all four seasons, so no base dummy was used.  
When necessary, each of the dummy variables used in the models in equations [4.1] 
through [4.5] are properly referenced to a base category. 
4.2.3.2 Heteroscedasticity
A key assumption of the OLS regression method used in the econometric models 
is “that the variance of each disturbance term, µi, conditional on the chosen values of the 
explanatory variables, is some constant number equal to σ2” (Gujarati and Porter, p. 365, 
2009). This equal variance, or homoscedasticity, is expressed as: 




  		   
 
 
Heteroscedasticity is present when the variance of the disturbance term is not 
constant; the variance increases or decreases with an increase or decrease in the values of 
the explanatory variables, depending on the nature of the relationship between the two.  It 
is generally expected in the analysis of cross-sectional data (Gujarati and Porter, 2009), 
such as that used in this research. The survey instrument in Appendix A asked cattle 
ranchers to respond to the questions at essentially a single point in time. Time series data 
would have questioned the same group of ranchers across a number of time periods.  The 
cross-sectional data of this research, with differences in herd size, weaning ages of 
calves, and other production practices, may lead to potential problems with 
heteroscedasticity.  This changing variance (note the addition of the subscript “i” on the 
σ2 term), known as heteroscedasticity, is expressed: 
 for  1,2, … , ,  (4.9) 
Heteroscedasticity causes the estimator, or potentially multiple estimators in a 
multivariate model, to lose efficiency and no longer be the best estimator.  Although the 
estimator can remain unbiased in the presence of heteroscedasticity, it is no longer the 
most efficient, meaning it is not the unbiased estimator that yields the minimum variance.  
Ignoring the presence of heteroscedasticity when using OLS regression yields a variance 
expressed as: 
var(̂ n )  2 , (4.10)xi 
Although the parameter estimator itself may remain unbiased, the variance of the 
estimator in the presence of heteroscedasticity is now expressed: 
var(̂ 
n 













which is clearly biased, positively or negatively, compared to the variance of the 
estimator in equation [4.10].  The standard errors of the coefficients are either too small 
or too large. The primary problem that arises from these unreliable standard errors is the 
lack of reliability in the common t and F tests. The confidence intervals for the 
estimators are no longer valid and no conclusions or inferences about the significance of 
the parameter estimates can be made (Gujarati and Porter, 2009). 
Detecting and correcting heteroscedasticity presents difficulties.  This research 
initially uses the informal method of plotting the residual error terms against the 
predicted values of a model and looking for obvious patterns in the plots.  These plots 
were generated for each of the sets of results in Table 5.5 through 5.9 and are provided in 
Appendix B. This is a graphical method of detection recommended by Gujarati and 
Porter (2009). A more formal method of testing for heteroscedasticity is the general test 
developed by White (1980).  His method estimates the OLS regression model and retains 
the residuals. Those residuals are then regressed on the original variables, their squared 

































,  (4.12) 
The R2 value, the sample size, and degrees of freedom from equation [4.12] are used to 
determine a chi-square test statistic.  Compared to a critical chi-square value, if the test 
statistic is larger, heteroscedasticity exists.  For sample sizes smaller than 250 
observations, Long and Ervin (2000) suggest using the heteroscedastic-consistent 
covariance matrix outlined by Efron (1982) and further tested by McKinnon and White 
(1985). This method employs a jackknife approach to compute the standard errors of the 
coefficients in equations [4.1] through [4.5].  Although this method is computed in SAS, 








estimated i times—each time excluding one of the observations.  The variability of the i
number of estimates is the underlying variability of the original OLS estimator.  
4.2.3.3 Multicollinearity 
Multicollinearity, according to Gujarati and Porter (2009), is a linear relationship 
among the explanatory variables; either some or all of them.  This is due to the inherent 
interdependency of the many factors that influence production.  Multicollinearity violates 
none of the standard regression assumptions; the model remains efficient and unbiased.  
It can be caused by small sample sizes, model misspecification, or overdetermination of 
the model, in which there are more variables than observations.  Multicollinearity can 
lead to difficulty in obtaining parameter estimates that have a small standard error (also 
brought on by having a small number of observations or small variances on the 
independent variables), therefore, it should normally be investigated in regressions. 
The estimation of models which contain many categorical variables poses the 
potential for the dummy variable trap (refer to subsection 4.4).  All of the models 
specified here, equations [4.1] through [4.5], contain categorical (dummy) variables and 
this can be a cause of multicollinearity within a model.  Additionally, it can result from 
the use of nonexperimental data collection; Gujarati and Porter (2009) refer to this as a 
sample phenomenon and one that often occurs in the social sciences.  The collection of
data on individual cattle operations subjects the data itself to some risk of a degree of 
multicollinearity.   
Multicollinearity cannot be ‘detected’ but is rather measured in degrees of
severity in a model.  There are a number of methods used to detect the degree of 





 VIF  .11 rij 2  
  
perfectly collinear have a correlation coefficient of 1; and if no collinearity exists, the 
correlation coefficient is 0. The correlation coefficient is easily measured in common 
statistical packages and is usually expressed as rij ,where the i and j subscript describe the 
ith and jth estimators in a model.  As rij , approaches 1, the variances of the two estimators 
tend toward infinity and their covariance also increases in absolute value.  Perfect 
multicollinearity would yield indeterminate regression coefficients with standard errors 
that are infinite (Gujarati and Porter, 2009). 
A common graphical tool (Gujarati and Porter, 2009) for measuring the degree of 
multicollinearity between variables is to use scatterplots of the variables in a model.  
Another functional method is to detect how the variances and covariance of estimators 
are inflated in the presence of multicollinearity.  This speed at which the variances and 
covariances are increasing, the variance-inflating factor is expressed:
 (4.13)
For equations [4.1] through [4.5], the variance inflation factors (VIF) were generated for 
each variable and the results of these tests are discussed in Chapter V and presented in 
Appendix B. 
4.3 Chapter Summary
An online survey was distributed to contacts in the cattle industry in the 
southeastern states. The survey, following economic theory, was designed to elicit 
responses from cattle operators about their household income, experience, education, and 
type of operation. Additional questions were included to determine herd size, feeding 
routine, calving season length, and other management practices.  These questions 
followed established research for the type of information solicited and methods used. 
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The empirical models were developed in section 4.2 according to economic 
theory; the literature for the models was discussed in Chapter II and established in 
Chapter III. Assumptions about the effects that the explanatory variables may have on 
the dependent variable were discussed following each model in equation [4.1] through 
[4.5]. The uniqueness of a part of the research relates to the analysis of the variability in 
weaning weight and weaning rate. The properties of the triangular distribution was used 
to analyze this variability and outlined in subsection 4.2.2.  The potential problems with 
model estimation were discussed in subsection 4.2.2.  The methods established in 
Chapter IV, supported by the previous research cited in Chapter II and framed by theory 





SUMMARY STATSTICS AND EMPIRICAL RESULTS 
The results of the summary and regression analysis of the survey responses are 
presented in this chapter. Chapter IV detailed the methods used to describe the 
characteristics of cattle operations in the Southeast and for analyzing the factors which 
affect production and production risk on these operations. 
The first section of this chapter details the summary statistics of survey responses.  
These include operator demographics, the beef cattle make-up of operations, and herd 
performance measures.  These descriptive properties of the southeastern cattle operations 
are compared to the results from other regions, such as the regional data available in the 
NAHMS (USDA, APHIS, 2008) study, and to the results from prior research of cattle 
operations in the Southeast, such as Little, Forrest, and Lacy (2000).  The next section 
provides the results of the OLS regressions performed on each of the dependent variables 
and explains the dependent and independent model variables in greater detail (Table 4.2 
lists the variables and their definitions).   
5.1 Summary Results for the Southeastern Cow-Calf Operator 
There were 194 respondents from the southeastern region that completed all of the 
questions through the demographics section of the survey (questions 1-10, Appendix A).  
Of the 239 respondents that began the survey, 43 did not complete any responses past 
question 1; the age of the respondent (Appendix A).  Two additional respondents were 




other due to being outside of the geographic region of the survey.  The summary results 
of questions 1-10 are found in Table 5.1 and Table 5.2.  Additional summary results are 
found in Table 5.3 and Table 5.4. 
5.1.1 Producer Demographics 
Almost 90.0% of the responses came from operators in the three states of 
Mississippi (40.5%), Alabama (39.0%), and Florida (9.7%).  The number of operations 
with only cow-calf production—i.e., no stockers—was 158 of the 194 (81.0%) responses.  
Of the 194 respondents 90.0% were male and 30.3% identified themselves as college 
graduates. McBride and Mathews (2011) report 20.0% of cattle operators in the 
Southeast have completed college but they only examine cattle operations with 20 or 
more head of cattle in the herd.  Possible reasons for the difference are that more 
operators with smaller herds of 1 to 19 head are college-educated producers or the use of 
an online survey instrument, as opposed to personal interview or mailed surveys used in 
the data analyzed by McBride and Mathews (2011). 
The number of years of experience category was nearly evenly split around 19 to 
20 years. The experience category in the survey divides the responses into six separate, 
5-year categories and one additional block of “More than 30 years”.  The four lower 
blocks ranging from “Less than 5 years” to “15 to 19 years” comprise 50.3% of all 
respondents; and 49.7% had 20 years of more experience owning or managing a cattle 
operation. Little, Forest and Lacy (2000) found the average number of years of 
experience for Mississippi cow-calf operators to be almost 30 years.  The results in Table 
5.1 would indicate the average response to this survey would fall into the category of “15 




   
 
Mississippi Agricultural Statistics Service (MASS), USDA, to administer the survey for 
their research.  The difference between the experience results in the present research, 
gathered through an online survey, compared to those of Little, Forrest, and Lacy might 
be explained by the difference in survey delivery. 
Table 5.1 Producer Demographics for Southeastern Beef Cattle Operations 
Parameter Frequency Percent 
How many years have you owned or managed a cattle operation 
Less than 5 years 22 11.34 
5 to 9 years 34 17.53 
10 to 14 years 22 11.34 
15 to 19 years 19 9.79 
20 to 24 years 27 13.92 
25 to 29 years 22 11.34 
More than 30 years 48 24.74 
In which state is your primary operation located 
AL 76 39.18 
AR 1 0.52 
FL 19 9.79 
GA 11 5.67 
LA 3 1.55 
MS 79 40.72 
NC 1 0.52 
SC 2 1.03 
TN 2 1.03 
What is the primary operator’s highest level of education 
Some high school 1 0.52 
High school graduate 19 9.79 
Some college 33 17.01 
Technical Degree 10 5.15 
College graduate 59 30.41 
Some post-graduate work 12 6.19 
Graduate or professional degree 60 30.93 
5.1.2 Household Income Structure 
Nationally, McBride and Mathews (2011) report that 36.0% of operators worked 





 Table 5.2  Household Income Structure for Southeastern Beef Cattle Operations
Parameter Frequency Percent 
Which of the following best describes your 2010 total household net income? 
Less than $30,0000 8 4.12 
$30,000 to $59,999 38 19.59 
$60,000 to $89,999 46 23.71 
$90,000 to $119,999 44 22.68 
More than $120,000 38 19.59 
Prefer to not answer 20 10.31 
Approximately what percentage of your 2010 household net income came from your beef 
cattle operation? 
0 percent 18 9.28 
1 to 20 percent 129 66.49 
21 to 40 percent 26 13.41 
41 to 60 percent 6 3.09 
61 to 80 percent 3 1.55 
81 to 99 percent 1 0.52 
100 percent 1 0.52 
Approximately 53.0% of the operators in Mississippi in 1999 had some off-farm
employment, and 84.0% of those that worked off-farm were employed full-time (Little, 
Forrest, and Lacy, 2000). The results in Table 5.2 reveal that almost 81.0% of operators 
responding are employed off-farm in 2011 (excluding the “Prefer to Not Answer” 
responses). Of those operators working off-farm, 15.9% are part-time and 84.1% are 
full-time; similar to the findings of Little, Forrest, and Lacy (2000).  Table 5.2 also 
presents the results for spouse off-farm work.  Little, Forrest, and Lacy (2000) found that 
47.6% of spouses worked off the farm compared to 79.2% in this survey; and 89.0% of 
the respondents’ spouses in the results of Little, Forrest, and Lacy (2000) worked full-
time, compared to 83.9% in this survey.  In this research, of those who indicated income
from cattle, 70.3% of the respondents receive 1 to 20 percent of their total household 









Table 5.2 (Continued) 
Parameter Frequency Percent 
Prefer to not answer 10 
What is the extent of off-farm work for the primary operator? 
No off-farm work 37 19.07 
Part-time off-farm work 25 12.89 
Full-time off-farm work 132 68.04 
What is the extent of off-farm work for the spouse of the primary operator (if 
applicable)? 
No off-farm work 31 15.98 
Part-time off-farm work 19 9.79 
Full-time off-farm work 99 51.03 
Not Applicable 45 23.20 
5.1.3 Summary Statistics of Cow-Calf Weights, Rates, and Weaning Age 
Table 5.3 details the summary statistics for cow herd performance measures.  The 
results of this study found the mean weaning weight of male calves for the herds of 122 
respondents to be 552.7 pounds. The NAHMS (USDA, APHIS, 2008) study reports an 
average weaning weight for male calves in the East region (the region most identical to 
the one used in this survey) as 531 pounds.  The NAHMS national average weaning 
weight for male calves across all beef cattle operations was reported as 559 pounds.  
According to NAHMS (USDA, APHIS, 2008), herds of 1 to 49 head produced male 
calves of 532 pounds at weaning and herds with 100-199 head produced male calves of 
572 pounds at weaning. Analysis of responses to this survey revealed that commercial 
cow herds from 1 to 49 head have an average weaning weight of 534.3 pounds, herds of 
50 to 199 head wean calves at an average 554.4 pounds, and herds of 200 head or larger 
wean at 576.7 pounds. The results of this research compare very closely to the national 
average weaning weight of male calves across all herd sizes.  The difference in the results 
of this research and those of the NAHMS (USDA, APHIS, 2008) East region may be
explained by the wording of the questions in the surveys (this survey asked for average 
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weaning weight over the prior 3 years, NAHMS used  or the method of survey delivery 
used. 
The mean weaning age for calves in the NAHMS study was approximately 200 
days, or 6.57 months, for the East region, and 207 days, or 6.81 months, across all 
regions in the USDA survey (USDA, APHIS, 2008).  For 131 herds in the present study 
the mean weaning age was 6.67 months, or 203 days based on 365 days per year. 
This study calculated the birth-to-weaning rate as the ratio of weaning rate 
(weaned calves compared to exposed breeding females) to pregnancy rate (cows that 
conceived per exposed breeding females). To clarify: the birth-to-weaning rate is defined 
as the number of calves that survived from birth to weaning based on the number of cows 
that conceived. For example, if an operator has 100 cows that are exposed for breeding 
and 95 of them become pregnant, the pregnancy rate is 95.0%.  If, of those 95 cows, 90 
give birth to a live calf, the calving rate (calves born per cows exposed) is 90.0%; and if 
88 of those 90 survive to weaning, the weaning rate (calves weaned per cows exposed) is 
88.0%. The birth-to-weaning rate captures, instead, the number of calves that are weaned 
based on the number of cows that actually become pregnant.  This method accounts only 
for management of the pregnant cow and subsequent live-born calf and does not capture 
management of exposed females that do not conceive.  This research is generally 
concerned with the optimal management of the calf after conception (but not to the 
exclusion of reproductive performance) to achieve the product of the operation: pounds 
of beef weaned.  Considering the same 95 pregnant cows and 88 weaned calves from the 
example above, the birth-to-weaning rate would be 88 divided by 95, or 92.6%. 
The mean birth-to-weaning rate in this study is 98.3%. The birth-to-weaning ratio 









Table 5.3 Summary Statistics of Average Herd Productivity Measures 
Standard
Parameter Mean Deviation Minimum Maximum N 
Herd pregnancy rate1 89.0 6.3 65.0 100.0 110
Calf death loss at birth2 2.8 9.5 0.0 99.0 109
Herd weaning rate3 89.7 7.7 60.0 100.0 101
Birth-to-weaning rate4 98.3 3.4 84.0 100.0 101
Calf weaning age5 6.7 1.0 4.0 9.0 131
Weaning weight male calves6 552.7 87.4 350.0 800.0 122
Brood cow weight6 817.7 316.0 325.0 1800.0 123
1Total breeding cows pregnant as a percentage of exposed cows, in percent. 
2Number of calves that die within 24 hours of birth as a percentage of total calves born, in
percent.
3 Number of calves weaned as a percentage of exposed breeding cows, in percent. 




regional or national average responses untenable.  It implies that for every 100 cows that 
conceive, approximately 98 of them will give birth to calves that make it to weaning.  
The average death loss from the present research is 2.8%.  The national average was 
3.6% and the Southeast region (the region in this NAHMS study that is most identical to 
the Southeast region in the present research) death loss was reported at 3.1% (USDA, 
APHIS, 2010). 
Part three of the NAHMS (USDA, APHIS, 2009b) reports a national average 
calving percentage of 92.4%, 92.6%, and 91.5% for 1992-1993, 1997, and 2007-2008, 
respectively. The calving percentage contained in the NAHMS study does not include 
pregnant heifers and cows that were sold or moved off of the operation.  The survey 
results in Table 5.3 show an 89.0% pregnancy rate, suggesting similar results to the 2007 
national averages. The mean weaning rate (defined as calves that were weaned divided 















5.1.4 Herd Size and Type
Figure 5.1 compares the percent of cattle operations in the current survey results 
to the Southeast, Figure 4.1, and the United States, by the number of head per farm
(USDA, NASS, 2007). 
Figure 5.1 Percent of Cattle Operations by Herd Size 
The results of the survey questions that asked for herd size and makeup are 
presented in Table 5.4. The primary results for discussion are the size categories of the 
commercial cow herds. The Agricultural Census of 2007 (USDA, NASS, 2007), reports 
that the number of operations in the Southeast with 1 to 49 head comprised 83.9% of all 
beef cattle operations in the region.  Those operations in all of the U.S. with 1 to 49 head 
comprised 79.4% of all beef cattle operations.  The Northern Plains (map area 6 in Figure 
4.1) had the lowest percentage of total beef cattle farms with only 54.4%.  Only 5.8% of 








about 52.7% of all cattle operations in the Southeast had 1 to 49 head and 24.8% of all 
respondents with commercial cow herds had 50 to 99 head (excludes “No response” and 
“0” responses). Operations with more than 100 head in the herd comprise 22.4% of the 
operations responding to the survey in this research.  The difference between the results 
of this survey and the results reported in the 2007 Agricultural Census (USDA, NASS, 
2007) could be due to the manner in which the questions were segmented or the type of 
survey delivery used. Survey respondents also reported on the number of head, if 
applicable, in a seedstock herd, the number of stocker cattle owned, the number of head 
in a feedlot for finishing or being custom backgrounded, and the number of head that 
were dedicated for freezer beef or sold direct-to-customer.  Seedstock operations of 1 to 
49 head made up 72.9%, 50 to 99 head was 16.1%, and more than 100 head was 11.0% 
of all operators with a seedstock herd.  Only 36.6% of respondents reported owning 
stocker cattle. Of those, nearly 61.0% had 1 to 49 head of stocker cattle and the other 
39.0% had more than 100 head. Approximately 77.0% of respondents that owned or 
managed custom backgrounded herds reported having 1 to 49 head and the remaining 12 
operations, 23.0%, had herds from 50 to 1,999 head.  Twenty-seven respondents reported 
ownership of feedlot cattle; 70.0% owned 1 to 49 head and 30.0% reported 50 to 499 
head. Fifty-eight operators reported freezer beef or direct-to-customer sales; fifty-one,







Table 5.4 Summary Statistics of Cow-Calf Operations—Herd Type and Size 
Parameter Frequency Percent
 Total number of commercial cows (breeding age females only) N=194 
No response 6 3.09 
0 23 11.86 
1 to 9 14 7.22 
10 to 29 34 17.53 
30 to 49 39 20.10 
50 to 74 34 17.53 
75 to 99 7 3.61 
100 to 149 18 9.28 
150 to 199 6 3.09 
200 to 299 5 2.58 
300 to 499 4 2.06 
500 to 999 3 1.55 
1000 or more 1 0.52 
Total number of seedstock cows (breeding age females only) N=194 
No response 6 3.09 
0 70 36.08 
1 to 9 31 15.98 
10 to 29 31 15.98 
30 to 49 24 12.37 
50 to 74 9 4.64 
75 to 99 10 5.15 
100 to 149 5 2.58 
150 to 199 2 1.03 
200 to 299 1 0.52 
300 to 499 4 2.06 
500 to 999 0 0.00 
1000 or more 1 0.52 
Total number of stocker cattle owned N=194 
No response 6 3.09 
0 117 60.31 
1 to 49 43 22.16 
50 to 99 0 6.19 
100 to 199 6 3.09 
200 to 499 6 3.09 
500 to 999 3 1.55 
1,000 to 4,999 0 0.00 
5,000 to 9,999 1 0.52 






Table 5.4 (Continued) 
Parameter Frequency Percent 
Total number of custom backgrounded head managed N=194 
No response 6 3.09 
0 135 69.59 
1 to 9 15 7.73 
10 to 29 19 9.79 
30 to 49 7 3.61 
50 to 74 2 1.03 
75 to 99 1 0.52 
100 to 149 3 1.55 
150 to 199 2 1.03 
200 to 299 2 1.03 
500 to 999 1 0.52 
1,000 or1,999 1 0.52 
2,000 or more 0 0.00 
Total number of head placed in a feedlot for finishing N=194 
No response 6 3.09 
0 161 82.99 
1 to 49 19 9.79 
50 to 99 6 3.09 
100 to 199 1 0.52 
200 to 499 1 0.52 
500 to 999 0 0.00 
1,000 to 1,9999 0 0.00 
2,000 to 4,9999 0 0.00 
5,000 to 9,999 0 0.00 
10,000 to 19,999 0 0.00 
20,000 or more 0 0.00 
Total number of head for freezer beef or direct-to-consumer sales N=194
No response 6 3.09 
0 130 67.01 
1 to 9 51 26.29 
10 to 29 5 2.58 
30 to 49 2 1.03 
50 to 74 0 0.00 
75 to 99 0 0.00 
100 to 149 0 0.00 
150 to 199 0 0.00 
200 to 299 0 0.00 
300 to 499 0 0.00 








5.2 Regression Results of Equations 4.1-4.5 and Discussion
The following five tables provide the results from the OLS regression of the 
variables developed in Chapter III and discussed in Chapter IV.  Table 5.5 gives the 
results of the OLS regression performed using equation [4.1].  The overall F-statistic for 
the model is 2.54 (Pr>F 0.0015) and the R2 value is 0.321. The results from this 
regression demonstrate the importance of weaning age on the weight of a weaned calf.
Weaning age has a positive effect on the weaning weight of a calf, following the a priori
expectations based on Pell and Thayne (1978).  The significance of weaning age is 
intuitive as the increased weight gain is the result of a calf that is weaned at a later age.
This increase in the growth relationship between weaning age and weaning weight was 
found to be significant in the research of Pell and Thayne (1978). It is best described by a 
curved line with a non-constant increase up to 300 days of age.    
The variables for commercial herd size and seedstock herd size are each 
significant at 5% confidence level for CC49, CC199, SS49, and SS199.  The variables, 
CC200 and SS200 are significant at the 10% confidence level.  The parameter estimates 
for these variables should be interpreted as a comparison of commercial cow herd 
influence versus seedstock herd influence. For example, the parameter estimate for 
SS200 implies 90.2 additional pounds to be gained on the weaning intercept compared to 
the similar commercial cow category.  Generally, as discussed in Chapter III, dummy
variables are interpreted on a base dummy category; in this case, CC49, CC199, and 
CC200 are compared to a seedstock only operation of the same size.  Also, SS49, SS199, 
and SS200 are compared to a commercial only operation.  This comparison shows the 
weaning weight premium that may result from seedstock cattle being heavier, purebred 






produce a calf that weans 77.7, 77.8, and 75.1 pounds, respectively, lighter than 
seedstock herds of the same size.  Seedstock herds of 1 to 49, 50 to 199, and more than 
200 head will have an average weaning weight of about 43, 62 and 90 pounds, 
respectively, greater than like-sized commercial cow herds. 
An F-test was performed on the commercial cow and seedstock categories.  The 
null hypothesis for the first test was: H CC0 : 49  CC199  CC200 . The resulting F-
statistic for the test was 0.00 (Pr>F 0.996), so the null hypothesis was rejected. For the 
seedstock variables, the null hypothesis was: H SS0 : 49  SS199  SS200  and the F-
statistic was 0.63 (Pr>F 0.536); the null hypothesis was rejected. White’s test for 
heteroscedasticity in the regression of equation [4.1] yielded a s 
2 
tat result of 1.60 
(Pr>ChiSq 0.45), thus heteroscedasticity was not detected in this model.   
The variance inflation factor (VIF) was calculated for each variable within the 
models using equation [4.12].  This factor detects the rate at which the variances and 
covariances of the variables are increasing.  The VIF for each variable was generated in 
SAS using the “vif” option in the “proc reg” model statement (SAS Institute, 2006-2008) 
and none exceeded the rule of thumb threshold of 5.0 for any of the variables, so notable 
multicollinearity was not detected.  Operator experience, calving season timing and 
length, number of calving seasons, supplemental feeding of creep-fed calves, the use of 



















Table 5.5 Weaning Weight Results from Equation 4.1 
Significance Parameter Standard 
Variable Level Estimate Error t Value Pr > |t| 
Intercept 403.150 74.154 5.440 <.0001 
EXP29 14.441 17.680 0.820 0.416 
EXP30 0.203 20.591 0.010 0.992 
BEEFINC21 29.561 20.154 1.470 0.146 
CC49 ** -77.670 30.263 -2.570 0.012 
CC199 ** -77.831 31.483 -2.470 0.015 
CC200 *** -75.054 39.643 -1.890 0.061 
SS49 ** 42.686 17.611 2.420 0.017 
SS199 ** 61.627 28.881 2.130 0.035 
SS200 *** 90.197 45.980 1.960 0.053 
FIN21 19.996 21.776 0.920 0.361 
RYE -17.436 17.222 -1.010 0.314 
WIN 9.243 21.208 0.440 0.664 
SPR -12.595 23.753 -0.530 0.597 
SUM -16.593 21.980 -0.750 0.452 
FALL -3.966 20.703 -0.190 0.849 
CALFMON3 2.474 20.532 0.120 0.904 
CALFSEA2 -31.209 30.467 -1.020 0.308 
SUPPCALF 16.911 15.474 1.090 0.277 
WEANAGE 
* Significant at  = 0.01. 
** Significant at  = 0.05. 
* 
Fstat = 2.54 
R2 = 0.321 
28.161 7.810 3.610 0.001 
***Significant at = 0.10. N = 122 
Table 5.6 contains the results of the regression of the standard deviation of the 
weaning weight, equation [4.2]. The properties of the triangular distribution were used to 
determine the standard deviation of weaning weight in an individual herd from the low, 
high, and average weaning weight responses. These were then used on the left-hand side 
of equation [4.2]. This regression is unique and important in that it examines the factors 
that affect the variability of the operation’s output, pounds of beef weaned, in a cow-calf 














The two variables of significance were the ones representing 15 to 29 years of 
experience (EXP29) and the calf’s age at weaning.  EXP29 has a significant positive 
effect, at the 5% confidence level, on the variability of weaning weight.  This category of 
experience shows a 16.6 pound increase in variability in weaning weight compared to 
those operators with 1 to 14 years of experience.  The operators with 1 to 14 years of 
experience may be younger and more likely to quickly embrace and implement new 
technology or they are perhaps more likely to have the benefit of being recent college
graduates that are using the most current extension and research practices. 
The weaning age (WEANAGE) also has a significant, at the	 10%	confidence	 
level, effect on weaning weight variability. Weaning Weight variability increases by 
5.35 pounds for every additional month that weaning is postponed.  Intuitively, as a 
group of calves age, their weight becomes more spread out.  For example, the birth 
weight of a calf will fall into a relatively tight range, but by six to seven months of age 
many factors have been able to influence its growth and cause the range of weaning 
weights to spread. No other variables in this equation are significantly different from
zero. The s 
2 
tat of 0.48 from White’s test indicated no notable presence of 
heteroscedasticity. The VIF for each of the variables did not exceed 5.0, indicating no
notable multicollinearity exists in the results of equation [4.2]. 
Table 5.6 Weaning Weight Variability Results from Equation 4.2 
Significance Parameter Standard 
Variable Level Estimate Error t Value Pr > |t| 
Intercept -12.169 29.407 -0.410 0.680 
EXP29 ** 16.585 6.751 2.460 0.016 
EXP30 3.804 7.639 0.500 0.620 
BEEFINC21 7.249 7.889 0.920 0.361 
CC49 1.032 11.593 0.090 0.929 
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Table 5.6 (Continued) 
Significance Parameter Standard 
Variable Level Estimate Error t Value Pr > |t| 
CC199 -8.911 11.941 -0.750 0.458 
CC200 -1.871 15.851 -0.120 0.906 
SS49 4.146 6.761 0.610 0.541 
SS199 12.064 11.368 1.060 0.292 
SS200 11.891 16.647 0.710 0.477 
FIN21 5.440 8.412 0.650 0.520 
RYE -0.924 6.771 -0.140 0.892 
WIN -1.876 8.201 -0.230 0.820 
SPR 13.502 9.025 1.500 0.138 
SUM 11.094 8.368 1.330 0.188 
FALL 13.328 8.145 1.640 0.105 
CALFMON3 0.024 7.670 0.000 0.998 
CALFSEA2 -17.626 11.392 -1.550 0.125 
SUPPCALF -3.365 5.880 -0.570 0.569 
WEANAGE 
* Significant at  = 0.01. 
** Significant at  = 0.05. 
***Significant at  = 0.10. 
*** 
Fstat = 1.22 
R2 = 0.207 
N = 109 
5.349 3.045 1.760 0.082 
Table 5.7 reveals that two variables, commercial operations and seedstock 
operations with 49 head of cattle or fewer, are significantly different from herds of 200 
head or more at the 10% level for the birth-to-weaning rate (B2W) model.  Small 
commercial cow producers have a low birth-to-weaning rate than seedstock producers 
and seedstock producers have a higher B2W than commercial cow producers.  More 
specifically, commercial cow-calf producers with 1 to 49 head have a 22.0% lower birth-
to-weaning rate than those producers who solely own seedstock cattle.  Conversely, 
seedstock producers with 1 to 49 head can expect to have a birth-to-weaning rate increase 
of 13.5% over those operators with only commercial cow-calf herds.  The F-statistic for 
the model is 1.24 (Pr>F 0.255) and the R2 value is 0.182. 
White’s test was conducted using the methods described in section 4.2.3.1.  A 





















use and interpretation of White’s test. Caution is necessary when interpreting the results 
of White’s test with many explanatory variables and a relatively small sample size, as is 
found in these models.  A large number of explanatory variables, such as in equation 
[4.3], and their cross-products can easily consume more than half of the degrees of 
freedom in a regression model.  Equation [4.11] is used as an example of White’s 
auxiliary regression and only contains two different explanatory variables; the difficulties 
of using this equation with 16 explanatory variables are notable.    
Table 5.7 Birth-to-Weaning Rate Results from Equation 4.3   
Significance Parameter Standard 
Variable Level Estimate Error t Value Pr > |t| 
Intercept 1.073 0.218 4.910 <.0001 
EXP29 0.055 0.082 0.670 0.504 
EXP30 -0.003 0.088 -0.030 0.973 
BEEFINC21 -0.071 0.086 -0.830 0.407 
CC49 *** -0.220 0.122 -1.800 0.075 
CC199 -0.034 0.126 -0.270 0.790 
CC200 -0.113 0.161 -0.700 0.483 
SS49 *** 0.135 0.077 1.760 0.082 
SS199 -0.002 0.129 -0.010 0.989 
SS200 0.135 0.190 0.710 0.479 
FIN21 -0.031 0.097 -0.320 0.751 
WIN -0.117 0.092 -1.280 0.205 
SPR 0.071 0.111 0.640 0.525 
SUM 0.061 0.105 0.580 0.561 
FALL 0.029 0.103 0.280 0.781 
CALFMON3 0.055 0.091 0.600 0.547 
CALFSEA2
* Significant at  = 0.01. 
** Significant at  = 0.05. 
***Significant at  = 0.10. 
Fstat = 1.24 
R2 = 0.182 
N = 106 
-0.103 0.133 -0.780 0.439 
Pregnancy rate is defined as the number of cows that conceive per number of 
exposed breeding females in the herd.  The research of Ramsey, et al. (2005), shows that 











   
   
   
   
   
  
  
rates) increase the profitability of an operation.  The results reveal that the response 
variable for operators that derive 21.0% or more of their income from their cattle 
operation (BEEFINC21) is significantly different from zero at the 5% level.  If an 
operator derives 21 percent or more of total income from the cattle operation, pregnancy 
rate increases 3.3% over the mean of 88.9%. The significance and sign of the BEEFINC 
variable indicates that the higher the amount of farm income, the greater attention the 
operator gives to the pregnancy success of the herd.  Only 37 operations, of the 166 
respondents reporting cattle income, derive 21 percent or more of their income from the 
cattle operation. The regression results in Table 5.8 have a model F-statistic of 1.08 
(Pr>F 0.384) and an R2 value of 0.157. White’s test was used to detect 
heteroscedasticity in the results and yielded a  of 86.69 and Pr>F = 0.6368. 
Therefore, no heteroscedasticity was present in this model.  The variance inflation factors 
(VIF) were generated following equation [4.12] for each of the variables.  No VIF of 5.0 
or larger was calculated so the presence of notable multicollinearity between any of the 
variables in the equation was not detected.  
Table 5.8 Pregnancy Rate Results from Equation 4.4 
Significance Parameter Standard 
Variable Level Estimate Error t Value Pr > |t| 
Intercept 0.889 0.042 21.240 <.0001 
EXP29 0.009 0.015 0.590 0.560 
EXP30 0.004 0.017 0.230 0.817 
BEEFINC21 ** 0.033 0.017 1.870 0.064 
CC49 -0.016 0.023 -0.680 0.500 
CC199 -0.011 0.024 -0.450 0.652 
CC200 -0.012 0.031 -0.390 0.696 
SS49 0.008 0.014 0.580 0.560 
SS199 -0.006 0.025 -0.250 0.802 
SS200 0.030 0.037 0.810 0.420 
FIN21 -0.024 0.019 -1.260 0.213 
WIN -0.014 0.018 -0.810 0.421 
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Table 5.8 (Continued) 
Significance Parameter Standard 
Variable Level Estimate Error t Value Pr > |t| 
SPR -0.010 0.019 -0.560 0.577 
SUM 0.024 0.019 1.250 0.215 
FALL 0.008 0.018 0.440 0.664 
CALFMON3 0.026 0.018 1.480 0.142 
CALFSEA2 -0.008 0.021 -0.370 0.712 
* Significant at = 0.01. Fstat = 1.08 
** Significant at = 0.05. R2 = 0.157 
***Significant at  = 0.10. N = 110 
The model for weaning rate variability, equation [4.5], also returned few 
significant explanatory variables.  This model has an F-statistic of 0.75 (Pr>F 0.736) and 
an R2 of 0.146. 
The one variable of significance in the regression results of equation [4.5] is 
FIN21; which represents those operators that finance 21 percent or more of their cattle 
and feed. FIN21 is negative and is significant at the 10% level.  It is a dummy variable, 
and should be interpreted as compared to the base category of zero to 20 percent 
financed. In these results, if 21 percent or more of the cattle and feed are financed by
outside sources, the mean variability of weaning rate is decreased by 1.5% compared to 
an operator that is financing less than 21 percent of their feed and cattle costs.  The 
significance and sign of FIN21 seems to indicate that an operator that is more leveraged 
in their operation is more attentive to the outcome of the production process than those 
that finance less than 20 percent of their cattle and feed. 
White’s test was used to detect the presence of heteroscedasticity and the variance 
inflation factors were generated to detect notable multicollinearity.  Neither of these 
issues existed in equation [4.5] below. 
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* Significant at = 0.01.  
** Significant at 	= 0.05.  
***Significant at  = 0.10.  
Fstat =0.75 
R2 = 0.146 
N = 87 
  5.3 Chapter Summary
The models discussed in the previous section used dependent and explanatory 
variables that are supported by current and previous research.  However, few explanatory 
variables contributed significantly to the models.  The model for average weaning weight 
had the most significant variables.  This can point to several issues.  Given that prior 
research was followed in constructing the models, the lack of significant explanatory 
variables may be due to too few observations.  Second, much of the literature used to 
build equations [4.1] to [4.5] came from controlled experiments.  It is difficult to 
duplicate those results in applied situations.  The research that was based on field 
observations came from very large sample sizes.  For example, Pell and Thayne (1978) 




(1970) used the records of almost 20,000 calves to conduct their research.  The number of 
variables required, 16 to 19, and the small sample sizes for the regressions, 87 to 122, 
reduced the degrees of freedom in the models. 
The variables that were significant in the models did generally follow past 
research and the a priori hypotheses outlined in Chapter IV.  As expected, weaning 
weight and its variability are positively affected by larger weaning ages.  Older calves 
weigh more at weaning and the variability around the mean tends to widen as calves get 
older. Seedstock producers produce heavier calves at weaning than their crossbred 
contemporaries, likely due to the genetic nature of a purebred herd calves that are typical 
of cow-calf operations. One variable that stands out as a contradiction to the a priori
assumptions is the increasing effect that operators with 15 to 29 years of experience have 
on the variability in weaning weight. Research suggests that attentive management 
increases production potential but does not address the effect of years of experience on 
management ability.  Operators that are more financially dependent on their operation, 











The first objective of this study was to characterize current cow-calf operations in 
the southeastern United States.  This was compared with results of past research related 
to beef cattle operations in this region.  This was also compared with the results of
current national statistics.  Frequency counts and percentages as well as the mean and 
standard deviation provided the details of the results for these two objectives.  Current 
national cattle industry statistics were taken from the NAHMS study of 2007-08 (USDA, 
APHIS, 2008; 2009a; 2009b), McBride and Mathews (2011), and the 2007 Agricultural 
Census (USDA, NASS, 2007). The research of those studies was the primary national 
basis of comparison for the demographic results of the present research.  Previous state 
and regional results were taken primarily from NASS research (USDA, NASS, 2004; 
2007), and research by Little, Forrest, and Lacy (2000) and others. The research 
conducted by these agencies and academic researchers provided such results as operator 
experience, off-farm work experience, herd size, income from the cattle operation, mean 
weaning weights and other operation information.  Results from these studies were used 
to compare the demographic and production results of the survey respondents in this 
research.
The characteristics of southeastern beef cattle operations are different in the 
results of this research in average size and demographic when compared to results from 
past research. A larger percentage of operators and their spouses are now working off of 
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the farm for income.  The national average of 36.0% from McBride and Mathews 
(2011)—taken from 2008 data—differs from the results of this research in which average 
off-farm employment was near 81.0%.  The prevalence of small farms with less than 49 
head of beef cattle remains similar to prior years.  Part three of the NAHMS (USDA, 
APHIS, 2009b) study reported 81.0% of operations had 49 or fewer head in 1992 and 
79.1% in 2007. The results of this research reveal that over 53.0% of commercial 
operators have fewer than 49 head and 72.9% of seedstock operators have fewer than 49 
head. 
The second objective for this research was to examine factors affecting 
production on beef calf operations in the Southeast.  The third objective was to examine 
the within-herd production risks associated with variability in weaning weight—the 
product of the operation—and weaning rate. Ordinary least squares (OLS) regression 
was used to evaluate the econometric models of Chapter 4.  The dependent variables 
were average weaning weight (WWAVG), weaning weight variability, (WWσ), birth-to-
weaning rate (B2W), average pregnancy rate (PRAVG), and the variability in weaning 
rate (WRσ). Those models were constructed using dependent and explanatory variables 
found in previous research literature. 
The weaning age of calves has significant positive effect on the weaning weight 
of calves and on the variability of pounds of beef weaned.  An additional month in 
weaning age leads to a gain of 28 pounds in the weight of the calf but can also increase 
the standard deviation of weaning weight by 5.3 pounds.  The signs of the explanatory 








The results of this research provide a beef cattle operator in the Southeast an 
analysis of factors that affect production through pregnancy rate, weaning weight, and the 
birth-to-weaning rate. The lack of significance in some of the models provides the 
opportunity for extended data collection to perhaps improve results of the models.  This 
research has also provided a foundational body of work on which to build future cattle 
industry research for the Southeast. The factors that affect cattle production have been 
extensively explored in this work and can be built on as further research is completed.  
The producer demographics and operation data collected provides extension personnel 
have current data to describe the southeastern beef cattle operation.
The results of the research merit further examination to define the differences in 
variability between seedstock operators and commercial cow-calf operators, cow-calf 
only versus cow-calf/stocker operations, and perhaps a comparison of operations by state.  
Additionally, soliciting answers to derive the triangular distribution for pregnancy rates, 
weaning weights and rates, and death loss rates within individual herds, would provide a 
foundation for examination of the causes of variability in those factors.  This would allow 
individual operators to perhaps improve management practices, herd makeup, or other 
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The figures below illustrate the Residual versus Predicted Value plots that were 
generated for the results from each of the equations [4.1] through [4.5].  These plots were 
generated to provide the researcher with a graphical indication of potential 
heteroscedasticity in the results.  All of the results were tested using White’s general test 
for heteroscedasticity.





















Table B.1 lists the variance inflation factors (VIF) for the variables in equations 
[4.1] through [4.5]. These factors are used to detect the degree of multicollinearity 
between variables in a regression equation.  A VIF over 5.0 is cause for further 
investigation. None of the regression equations studied, given the available data, 
presented signs of a notable degree of multicollinearity.
Table B.1 Variance Inflation Factors for Equation 4.1 through Equation 4.5 
Variable Equation 4.1 Equation 4.2 Equation 4.3 Equation 4.4 Equation 4.5 
EXP29 1.47959 1.51316 1.58299 1.56687 1.48725 
EXP30 1.52385 1.51173 1.55942 1.56362 1.56178 
BEEFINC21 1.27313 1.34569 1.33300 1.30642 1.42188 
CC49 4.54135 4.66689 3.86009 3.79897 4.49812 
CC199 4.48704 4.65140 3.85312 3.69981 4.33079 
CC200 2.12992 2.09891 2.17174 2.04935 2.41413 
SS49 1.53631 1.58820 1.51614 1.36551 1.39325 
SS199 1.46720 1.49694 1.45548 1.41636 1.36938 
SS200 1.32979 1.36186 1.36071 1.33949 1.37284 
FIN21 1.23666 1.23191 1.28554 1.27580 1.24935 
RYE 1.11504 1.15765 N/A N/A N/A 
WIN 1.53746 1.55667 1.57928 1.55805 1.59069 
SPR 2.72244 2.72572 2.99447 2.36156 3.05287 
SUM 1.41640 1.40100 1.46325 1.30153 1.41324 
FALL 2.11107 2.27289 2.56910 2.13336 2.77042 
CALFMON3 2.06288 1.96829 1.98579 2.16904 2.03394 
CALFSEA2 1.98533 2.14089 2.23498 1.67760 2.31911 
SUPPCALF 1.10562 1.12797 N/A N/A N/A 
WEANAGE 1.29562 1.27309 N/A N/A N/A 
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